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OW the Clarage UNITHERM 
a new unit heater with unmis- 
takable improvements. 


To insure positive, uniform heat- 
ing under all conditions,the UNITHERM 


is equipped with centrif- 
ugal fans, each operating 
in a separate housing. 
These fans incorporate a 
self-limiting horsepower 
characteristic—the motor 
cannot overload. 


The heating element is 
Universal Aerofin—light 
weight, strong, non-cor- 
rosive. The motor is a 
ball bearing motor, and 
at no extra cost. The out- 
lets are adjustable for 





HEATER 


direction of heat delivery. The entire 
UNITHERM unit is as fine as modern 


engineering and modern shop practice 














HIGHLY EFFICIENT: Heat 


* forced out at high velocity 


over wide area, as compar 
with propeller fan units. 


COMPACT: Delivers more 


* heat per square foot of space 


occupied. 


ACCESSIBLE: Complete fan 


* and heating element assem- 


blies easily removable. 


EASILY INSTALLED: Only 


* simplest of piping layout 


required. 


FLEXIBLE: Low or high 


* pressure steam up to 200 


pounds; floor or ceiling in- 
stallation ;can be automatic- 
ally controlled. 














can design and build. 
Clarage UNITHERMS heat quickly, 


thoroughly and at low 
cost. They measure up 
fully to the customary 
Clarage standard of pro- 
ducing only the best. 


For meeting any type of 
industrial heating require- 
ment, we can show you 
savings of prime import- 
ance. Write for full details 
to Clarage Fan Company, 
Kalamazoo, Michigan. 
Sales Engineering Offices 
in Principal Cities. 


The CLARAGE Wnitherm 
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Jennings Double Suction Centrifugal Pumps are furnished in standard sizes with capacities 
up to 500 g.p.m. Heads up to 320 feet. 


Five outstanding features 


distinguish this house service pump 


1. Only one stuffing box 
2. No bearings in pump casing 
3. Motor and pump are on the same shaft 
4. Impeller removable without disturbing packing or piping 
5. Inlets and outlets assembled in almost any desired position 


These features are real advantages. They 
result in ease of installation and make this 
new Jennings Pump easy to take care of. 


Piping is facilitated by a unique design 
which affords a choice of four different posi- 
tions for the inlet connection and eight for 
the discharge connection. Merely unbolting 
the pump head gives ready access to the 
interior for inspection or cleaning. The im- 
pelier, mounted on a short extension of 
the motor shaft, is removable without dis- 


HE NASH ENGINEERING CO 


turbing packing, piping or shaft alignment. 


Wherever pumps are required for such work 
as circulating hot or cold water in buildings 
or boosting city water pressure to supply 
top stories, reliable, trouble-free service can 
be assured by installing Jennings Double 
Suction Centrifugals. 


If you are not familiar with Jennings Pump- 
ing equipment for house service, complete 
information will be sent on request. 





RW. 


Jennings Pumps 
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Heat Balance and Toasting “‘Luckies”’ 
With a Description of the Piping 


By A. W. Moulder 


power plant? Sometimes it is called a steam 

generating plant or a heating boiler plant; no 
matter what the cognomen the question is the same. Con- 
sulting engineers are busy today finding the answer for 
many industrial concerns. That answer can be as definite 
and specific as the answer the insurance man gives to 
the owner who is seeking to reduce his insurance expense 
by installing an automatic sprinkler system. 

The problem is to determine and set down by measure- 
ment or calculation on the one side the steam require- 
ments for heating, processing, etc., and on the other side 
the electrical requirements. From this is obtained what, 
in a broad way, is called a “heat balance” for the plant. 
Balance is a good word because the final answer from 
which the executive reaches his decision is naturally pre- 
sented in dollars and cents. 

To arrive at that, the consulting engineer carefully 
prices : 

A, The present cost of buying or producing the re- 
quired amount of heat or process steam, plus the cost of 
buying or producing the required amount of electrical 
power. (These items are separated because of the vary- 
ing length of time used each year.) 

B. The estimated cost of producing heat, process 
steam and power under the proposed new plan. In this, 
of course, careful attention is given to all new processes 
and improvements rendered possible by changed con- 
ditions. 

The balance between A and B will show either a profit 
oraloss. The amount of that profit weighed against the 
cost of investment in new equipment is the “trial balance” 
irom which the executive makes his decision. 


H = much can we make by scrapping the old 


Piping for High Pressures and Temperatures 


This problem is receiving renewed consideration today 
as compared with a few years ago because the develop- 
ment of apparatus and piping for higher pressures and 
temperatures has changed its entire complexion. It is 





now practical to start with steam at the throttle valve 
of a turbine at a pressure and temperature sufficiently 
high so that steam may be extracted at correspondingly 
high pressures and temperatures, and this steam may be 
delivered readily anywhere in the plant. Obviously this 
allows the use of steam (which has already generated 
much power) for many processes, such as drying, cook- 
ing, etc., which formerly required live steam right from 
the old boilers. Higher temperatures have also made 
possible the utilization of steam for many processes 
where previously steam was rarely considered. 

Not the least change in condition which may be given 
consideration in this problem is in the piping. Many of 
us still think of exhaust steam as something which very 
closely resembles that white stuff which puffed out of 
the exhaust head at the old power plant. Also that it 
is something to be carried in big pipes, because the energy 
is pretty well taken out of it and it’s something that can’t 
be carried very far away from its source. We really 
know better but I believe many of us (not such old timers 
either) still have that old picture in the back of our 
minds. 

Of course, it’s all wrong, because today we are ex- 
tracting steam from the turbines at almost any practical 
pressure and temperature to fit our needs and distributing 
it all over the plant through relatively small piping made 
possible by the higher pressure of the steam itself. 

This change in piping starts right at the boilers. It is 
true that for these higher pressures, heavier and better 
materials are required; better and stronger pipe joints 
are necessary; and with infinitely more care demanded 
in the design of the piping and in its proper support. 
Provision must also be made for greater expansion and 
contraction. A portion of this extra cost for heavier and 
better material at least is compensated for in the smaller 
piping necessitated. 

After the steam is extracted from the turbines, the 
chances are the pressure will still be high enough to allow 
distribution with minimum sizes of piping and, of course, 
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with quality and weight of piping materials consistent 
with long-life expectancy for the pressures and tem- 
peratures involved, 

When a large industrial concern decides to put in a 
power plant because the consulting engineer’s “heat bal- 
ance” figures show that it is economical to do so, we 
say that it is “modernizing.” 

American Tobacco Company’s Plant 

An excellent example of this modernizing idea is in 
the new power plant of the American Tobacco Company 
at Durham, N. C. Here we have a plant of the most 
modern type for industrials, in which the well advertised 
“toasting” process of Lucky Strike cigarettes plays an 
important part in the heat balance which made its mod- 
ernization an economical proposition. To dispel the old 
idea of exhaust steam as something which you could stick 
your finger in and get it warmed but wet, picture toast- 
ing going on continuously as a by-product of producing 
power. Here in this plant, steam is being extracted from 
the turbines at a pressure and temperature well above 
the required toasting temperature, so that the exact final 
temperatures at the toasting machines may be controlled 
to a very accurate degree, which is essential to get just 
the final result needed in the product. 

We present herein pictures and description of the pip- 
ing system from the boilers to the various apparatus 
throughout this new and modern power plant. 

The plant consists of three water tube boilers of 
500 hp. each which furnish steam for two 1,500 kw. 
turbine generators and steam for heating and process. 
Boilers operate at 200 per cent above rated capacity. 
Steam is delivered to the two turbines at 425 Ib. work- 
ing steam pressure and 175 F superheat. Extraction 
steam is taken from the two turbines at 90 lb. working 
steam pressure and 100 F superheat. A _ desuper- 
heater is provided in connection with the 90 Ib. extrac- 
tion steam so as to control more accurately the tempera- 
ture of steam for process purposes. 

Piping in this power plant conveys steam at all pres- 
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Fic. 1—SHowi1nc THE 12-INcH MAIN 
HEADER, OF WELDED CONSTRUCTION 


sures from low pressure exhaust up to 
425 lb. with 175 F superheat, and 
these lines vary in size from \% in. to 
18 in. O.D. 

Figure 1 

Fig. 1 is the 12-in. main high pres- 
sure steam header. This header is of 
all-welded construction, made in two 
sections for convenience of installation. 
The header is autogenausly welded, 
the details of nozzle construction 
being as shown in Fig. 2. The header 
was built in a regular pipe fabricating 
shop by trained and tested welders and 
after completion was annealed all over 
in a furnace to relieve internal stresses 
and then tested to a hydraulic pressure 
of 1,200 lb., the piping adjacent to the 
welds being hammered circumferen- 
tially while holding this pressure. 

It will be noted that at the center of the header as- 
sembly a solid support is rigidly anchored. The ends 
of the header assembly are, however, supported on ad- 
justable rolls, these being of a construction to allow not 
only for longitudinal movement but are also provided 
with means of vertical adjustment after installation (see 
detail A) whereby each support is adjusted to carry its 
proportion of the load, thereby eliminating strains in the 
pipe joints. 

Nos. 2 indicate the 6-in. leads from boilers carrying 
425 lb. pressure superheated steam to the header. (See 
Fig. 1.) 

Nos. 3 indicate the 6-in. leads to the 1,500 kw. turbine 
generators. 

Nos. 4 indicate the 21%4-in. and 3-in. steam supply lines 
from main high pressure header to pressure reducing 
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Fic. 3—Tue 16-Inch Heaper DistrIB- 

utTinG Ninety-Pounp STEAM EXTRACTED 

FROM THE TURBINES FOR HEATING AND 
PROCESSING 


valves where pressure is reduced to 90 
lb., it being then used as an auxiliary 
supply to the 90 Ib. steam header. 

Nos. 5 and 6 are steam supply lines 
to various pumps. 


For the high pressure steam lines, 
extra-heavy open hearth steel pipe is 
used equipped with high hub forged 
steel flanges and lap joints. These lap 
joints are machine-made, being upset 
in thickness in the process of rolling, 
are annealed after rolling and are then, Ka 
machined back and front so as, Jeavé.~ 
them not less than 100 pene pipe 
wall thickness after machining. * The 
faces are “phonograph”’ finish. Fig. 2 y 
showing . the welded-header ‘construc- 
tion, also shows the type. and general 
dimensions of lap joints used throughout. 


“ss 


Figure 3 


No. 1 (in Fig. 3) is the 16-in. welded header into 
which the 90 Ib. steam extracted from the turbines is 
accumulated for distribution for heating and processing 
or toasting. The construction of this header is similar 
to that of the high pressure header excepting that it is 
of lighter weight materials and the test requirements 
correspondingly lower. It will be also noted that the 
anchorage and support- 
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with various connections and instruments so that the 
required temperatures for various processes are carefully 
maintained. 


Nos. 4, 6 and 7 are 3-in. and 4-in, connections to ash 
conveyors and stokers, fire pumps and whistle. 

No. 8 is the 8-in. relief connection through relief valve 
set at 105 Ib. 

All piping in these lines is standard weight open hearth 
steel equipped with standard forged steel flanges and lap 
joints similar to those used in connection with the high 

pressure piping. 













































































ing are the same. | ; 
No. 2 (in Fig. 3) is the Figure 4 
6-in. auxiliary connection No. 1 (in Fig. 4) is 
from main high pressure the 2% in. pipe for 400 
steam line. lb. steam to turbine driv- 
Nos. 3 are the 14-in. en boiler feed pump. 
extraction lines from cm ne eotte é = No. 2 is the 4 in.-90 
turbines. + lb. steam to fire pump. 
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Fic. 4—Prpinc FoR THE TuRBINE-DriveN BorLer FEED Pump, 

THE Fire Pump, Exuaust To Feep Water Heater, Dis- 

CHARGE FROM Pumps To BorLer Feep HEApER, AND SIx-INCH 

Suction to Eaca Borer Feep Pump rrom Ten-INcH LINE 
LEADING TO FEED WATER HEATER 


No. 3 is the 6 in.-5 lb. exhaust to feed water heater. 

No. 4 is the 4 in. discharge (approximately 450 Ib. 
pressure) from one steam turbine driven pump and one 
motor driven pump to the 6 in. boiler feed header. 

No. 5 is the 2% in. boiler feed to boiler No. 1 (ap- 
proximately 450 Ib. pressure). 

No. 6—one 6 in. suction to each boiler feed pump from 
a 10 in. line leading to feed water heater. 

Piping materials for the boiler feed lines are the same 
as already described for high pressure steam lines under 
description of piping in Fig. 1, and for the 90 lb. steam 
the same as described for piping in Fig. 3. Piping for 
items 3 and 6 is standard weight with standard cast iron 
flanges screwed through and refaced. 


Figure 5 


No. 1 is a 10 in. discharge from each condenser circu- 
lating pump to condensers. 

No. 2 is a 10 in. discharge from each condenser in- 
creasing to 14 in., thence to cooling tower. 

No. 3 is a 10 in. atmospheric exhaust from condenser 
on Unit No, 1. 

No. 4 is a 14 in. pipe for extraction steam from tur- 
bine No. 2. 

No. 5 is a 2% in. circulating water discharge from oil 
cooler on turbine to discharge from condensers. 

No. 6 is a 2% in. pipe for cooling water to oil cooler. 

Piping in Fig. 5 varies in size from 2% in. to 14 in. 

Items 1, 2 and 3 are designed for pressures up to 
125 lb. and is standard steel pipe equipped with standard 
cast iron screwed flanges on the 10 in. and standard low 
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hub lap joint steel flanges with 100 per cent square laps 
on the 14 in. 

Item 4 is designed for 90 lb. working steam pressure 
and 100 F superheat (430 F total temp.) full weight open 
hearth steel pipe 3 in. thick equipped with standard low 
hub lap joint steel flanges with 100 per cent square laps, 
phonograph finish. 

Item 5 is standard steel pipe and standard screwed 
cast iron fittings. 

Item 6 is standard galvanized steel pipe and standard 
screwed cast iron fittings. 

Is it not probable that in many large industrial plants 
there are unthought of processes where this new kind 
of exhaust steam can be put to such valuable uses that 
the heat balance may be decidedly on the profit side? 


Prof. Callendar Dies 


With the death of Professor Hugh Longbourne Cal- 
lendar, known all over the world for his investigations 
relative to the properties of steam and as professor of 
physics at the Imperial College of Science and Technol- 
ogy at London, the engineering profession suffers a keen 
loss. Prof. Callendar died suddenly January 22, at the 
age of sixty-seven. 

Professor Callendar started his studies on the proper- 
ties of steam early in his career. His steam tables, the 
results of his research work, were accepted almost uni- 
versally by British engineers and scientists and were 
adopted by the electrical and allied industries as stand- 
ard. He took a leading part in the steam table confer- 
ence, held in England last summer, for the establish- 
ment of basic international values for the properties of 
steam. Callendar was educated at Cambridge. He was 
elected a Fellow of the Royal Society in 1894. 











Air Conditioning a Flour Mill 







HE desirability of atmo- 

spheric control has _ been 

realized by wheat flour millers 
for a long time, but it is only within 
recent years that any serious 
attempt has been made toward 
approaching the problem in a 
scientific manner. A number 
of European mills are using 
some sort of conditioning 
equipment, and in America the 
subject is provoking more dis- 
cussion at the present time 
than any other phase of the 
milling process. 

Many leading mills are now 
using more or less complete 
air-conditioning systems, and 
among the most modern and 
best equipped is the “Daylight 
Mill” of the Acme-Evans 
Company, of Indianapolis, Ind. 

The mill building is of rein- 
forced concrete and glass construction, eight stories and 
basement. The lower floors are used only for packing, 
storage and loading, the mill proper occupying the fourth 
to the eighth stories, inclusive. The air-conditioning ap- 
paratus is located on the eighth floor. 


The equipment consists of an air-conditioning machine 
capable of full adiabatic saturation, a large, low-speed 
fan, extended-surface heaters, dirt eliminators, volume 
dampers, dew-point control, with thermostat-controlled 
fresh and return-air dampers, and a complete system of 
distributing ducts capable of conveying the conditioned 
air to every part of the building devoted to the manu- 
facturing process. Thermostats control both the air 
volume and the steam to the reheaters. No air can enter 
the rooms except through the conditionet, a matter of no 
little significance in connection with the manufacture 
of flour. 


Ton of Air Per Barrel of Flour 


It may be a matter of interest to those unfamiliar with 
the process of flour milling, but who are quite familiar 
with the ultimate product as it reaches the table in the 
form of light, palatable bread, that for every barrel 
of flour milled, something like a ton of air is brought 
into intimate contact with the particles from which this 
bread will be made. It is obvious, then, that from the 
standpoint of sanitation alone, all air used in the milling 
process should be thoroughly cleansed. The flour 
particles are of a decidedly porous nature, and their 
warm, moist surfaces offer an ideal environment for 
the various species of bacteria and spores with which 
unwashed air teems. Soot from locomotives and factory 
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By Edgar 8S. Miller 


chimneys, and filthy dust from 
the streets, must be effectually 
removed from the air entering 
the mill, if the flour produced 
is to be uncontaminated. 

There is, however, still an- 
other consideration. This has 
to do, not with the purity of 
the air used, important though 
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that phase is, but with the 
effects of this air upon the 
products of the mill, and upon 
the manufacturing process itself. Since, as before men- 
tioned, the products of the wheat berry are porous, con- 
tain some free moisture, and therefore present to the air 
currents comparatively moist surfaces, the air, by virtue 
of its heat-metamorphic properties, is able to change 
their very physical nature. This may in no small degree 
alter the chemical characteristics also, and it may, and 
often does, exert so powerful an influence upon evapora- 
tion as to spell the difference between profit and loss 
to the miller. 

It may be wondered why such enormous quantities of 
air are used. The principal reason is purification.. From 
the time the wheat is received until the finished flour is 
packaged, purification, by means of air currents, is almost 
continuous. 

The bran-coat, or covering, of the wheat’s true kernel 
is much like the shell of a nut or the skin of a banana. 
Since nature provided this covering as a protection 
against contamination of the true kernel, it is itself 
always more or less contaminated. A wall designed to 
keep out dirt is likely to become dirty, and the first thing 
the miller must do is to scour the dirt from the outside of 
the grain. This is commonly accomplished by friction, 
and the dirty scourings are removed by air currents. 


Separation of Impurities 


To the miller, anything other than the endosperm, 
i. e., the creamy-white interior of the grain—the wheat’s 
true “kernel”—is “dirt.” When the berries are broken 
up, for the double purpose of reducing the endosperm to 
a suitable state of fineness and facilitating the removal of 
the bran, some particles of the latter are inevitably re- 











duced in size also, 
and separation 
wholly by means of 
sieves is impossible. 
But since the spe- 

cific weight of the particles is different, a separation can 
be made by causing air currents to hold the lighter im- 
purities in suspension while the heavier endosperm-meal 
falls through the meshes of the sieve by gravity. 

Again, because wheat is a living organism, extremely 
sensitive to temperature changes, means for removing 
some of the mechanical heat generated during the milling 
process is imperative. Not only do excessive temper- 
atures make sifting difficult; too much heat is certain to 
stimulate chemical activity in the flour, detracting seri- 
ously from its keeping qualities and even impairing its 
baking value. 

Most of the separations of the wheat’s products are 
accomplished by the use of silk cloth. These cloths range 
as high as 150 meshes to the linear inch, with apertures 
measuring about .0036 inch across. It is easy to think 
of these apertures as infinitely small, but modern physics 
brings out forcibly the fact that size is really only 
comparative. A flour granule of average size, though 
perhaps not more than .0025 inch across, actually con- 
tains hundreds of starch cells and thousands of colloidal 
particles. These in turn are made up of an infinite num- 
ber of molecules, and it is further known that each starch 
molecule contains thousands of atoms. 

Under favorable physical conditions the endosperm, 
or flour-bearing portion of the wheat, is more easily 
disintegrated than is the bran-coat or the germ, and from 
the earliest times milling has depended upon their physical 
dissimilitude for the separation into the pure and the 
impure. It might be noted in passing that this classifica- 
tion is not altogether illogical. Wholly aside from its 
chemical aspects, the bacteria-bearing bran-coat cannot 
possibly be as immaculate as is virgin endosperm. 

Man-kind’s demand for white flour is, then, not alto- 
gether unreasonable, though it was not originally con- 
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cerned with the 
whiteness produced 
by bleaching. Bran 
imparts to flour a 
dull, grayish-brown 
tint, and for this and many other reasons bran in flour 
is highly undesirable. Actually, the age-old demand has 
been for a color which indicates freedom from bran con- 
tamination. 

A little more than a half century ago the present 
system of milling first made its appearance. It was then 
conceived that the best possible separation of endosperm 
from bran-coat could be made by abandoning the crush- 
ing of the wheat berry and attempting to separate the 
resultant flour. The new method consisted of “break- 
ing” the grain as gently as possible and recovering as 
separates nearly bran-free particles of the largest pos- 
sible size. These could be “purified” out of contact with 
the bulk of the bran. Thus the “patented process” was 
born, and thus the origination of the term, “patent 
flour.” 

Millers soon learned that the “favorable physical condi- 
tion” demanded a moisture content of grain in excess 
of its hygroscopic capacity. Moisture makes all parts 
of the grain less friable, but the effect upon bran and 
germ is more pronounced, and the dampening of wheat 
soon became quite general. Still later it was discovered 
that the thin cellulose walls which separate the flour cells 
within the endosperm were also favorably affected by 
the imbibition of moisture, and the “tempering” of wheat 
by the employment of both water and time came into 
being. 

But though both the bran-coat and the interior cellu- 
lose are toughened by moisture, and though both absorb 
water with greater facility than do the denser parts, both 
give up their contained moisture to air more freely. It 
is obvious, then, that the effect upon the mill stocks of 
air having a high evaporative power is very pronounced. 
And since air currents are always tending to undo the 
very things accomplished by the “tempering,” or “con- 


* 
=> = * +s 
oe eae eer 


MILL 








February, 1930 


ditioning,” process—in a larger degree when evaporation 
is great, and in a lesser when it is small—it should also 
be obvious that wide fluctuations of temperature and 
humidity are certain to be fatal to the consummation of 
the miller’s most-sought goal: the maintenance of uni- 
formity of product. 

Moreover, because the products of wheat are hygro- 
scopic, and because, at the beginning of the milling 
process, they always contain moisture in excess of their 
hygroscopic capacity, the heat metamorphosis coincident 
to evaporation tends to bring their temperatures down to- 
ward the temperature of adiabatic saturation of the air 
they encounter, or the wet-bulb temperature of this air. 
Thus, regardless of the original temperature of the grain 
or the dry-bulb temperature of the air currents, the tem- 
perature of the mill stocks must always seek the wet-bulb 
perature of the air with which they come into con- 
tact. If this fluctuates widely, the temperature of the 
stocks must also fluctuate widely. So also will the threads 
of the silk-sifting- 
cloth vary in size, 
with a consequent 
variation in area of 
the apertures. 

Fluctuating  ef- 
fective tempera- 
tures, therefore, af- 
fect the milling 
process in three 
ways. The mate- 
rials themselves are 
made softer or 
more brittle with a 
variation of tem- 
perature or with a 
variation of con- 
tained moisture, 
facilitating or re- 
tarding both reduc- 
tion and separation, 
and the sifting 
capacity of the silk 
cloths is increased 
or diminished be- 
cause of a variation in size of the apertures, brought 
about by variations in the temperature and humidity of 
the air within the machines. 

The flooding of the mill with washed air, the wet- 
bulb temperature of which is automatically controlled, 
insures air currents with constant evaporative power, as 
well as a practically constant temperature in the mate- 
rials being processed. This is assured by accomplishing 
the major part of the inevitable heat metamorphosis in 
the air-conditioning apparatus, leaving a definite amount 
to be done by the air currents in contact with the stocks, 
and controlling not only the temperature but the ultimate 
heat content of the air. 

The research laboratory of the American Society of 
Heating and Ventilating Engineers has admirably demon- 
strated that the significant factor in providing a com- 
fortable condition for human beings is the effective tem- 
perature. This means, not the dry-bulb temperature or 
the wet-bulb temperature of the air introduced into a 
room, but the actual heat-equilibrium properties of the 
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stratum of air in intimate contact with the body atter 
this air has been affected both by heat metamorphosis, 
induced by the movement of a definite quantity of pre- 
scribed air over the body, and by isothermal phenomena. 

Not only is the human body thus affected; exactly the 
same laws govern the final effect of thermal phenomena 
upon any body which is capable of exchanging both water 
and heat with the air surrounding it. 

Before describing the operation of the air conditioning 
plant in the Acme-Evans Mill, a brief consideration of 
the effects of weather upon the operation of an uncon- 
trolled mill will be in order. 

With an outdoor temperature of 100 degrees (dry- 
bulb) the mechanically-generated heat liberated within 
the building is usually sufficient to raise the temperature 
of the volume of air ordinarily used some 20 degrees. 
A part of this heat is made latent by the evaporation of 
moisture from the materials, and this heat is, of course, 
present in the air in, and leaving, the machines. This air 
always has a high 
degree of satura- 
tion, and because of 
its relatively high 
temperature, condi- 
tions which will re- 
sult in condensation 
of moisture upon 
the inner walls of 
the spouts, ele- 
vators, etc., are 
found. This results 
in sweating. 

The heat not re- 
moved by the air 
currents is dis- 
sipated into the 
rooms, and is some- 
times sufficient to 
raise the room tem- 
peratures to 110 de- 





grees, or even 
higher. With a 


change in_ the 
weather, conditions 
will change very rapidly, of course, but one characteristic 
persists: the air within the machines maintains an ap- 
proximately constant degree of saturation, even though 
its temperature may vary through a wide range. In 
other words, the damp materials being processed—the 
mill stocks—have the function of a humidifier to a 
limited extent, tending to produce adiabatic saturation in 
an almost constant degree. 

When the outdoor wet-bulb temperature accompanying 
a 100-degree dry bulb is 75 degrees (a not uncommon oc- 
currence) the air conditioning apparatus in the Acme- 
Evans mill delivers air with virtually that temperature ; 
namely, 75 degrees dry bulb. The quantity moved is 
carefully regulated for the purpose of allowing exactly 
the temperature rise necessary for the relative humidity 
condition required. Thus, if 70 per cent relative humid- 
ity is desired, the mill is supplied with enough condi- 
tioned air with a temperature of 75 degrees to insure a 
rise of 11 degrees, and no more. 

Of course, so long as this “spread” between the orig- 
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inal and final temperatures of the conditioned air is 
maintained, relative humidity must remain constant. 
With these temperatures kept constant the wet-bulb tem- 
perature in the mill must remain constant, resulting in 
unvarying temperatures in the mill stocks. 

The properties of the conditioned air are fixed by 
controlling the relative proportions of fresh air and re- 
circulated air, with the concomitant recovery of the neces- 
sary amount of mechanically-generated heat. When 
this becomes insufficient, as it does in very cold weather, 
the dew-point control automatically admits steam to a 
preheater. 

It is possible to maintain an apparatus temperature of 
about 75 degrees, with an observed room temperature of 
86, with 70 per cent relative humidity, in any weather. 
Tt is usual, however, to lower these somewhat in winter, 
since no useful purpose would be served by expending 
fuel to maintain higher wet-bulb temperatures than are 
necessary. 

Fluctuations are of all things the most to be avoided, 
and some millers favor the maintenance of two constant 
but different conditions at different periods of the year. 
It is true, perhaps, that the best possible wet-bulb tem- 
perature obtainable in summer by the employment of 
evaporative cooling only, is somewhat too high. Cer- 
tainly this is true unless the milling system is arranged 
to meet the condition, and under certain circumstances 
the installation of apparatus for dehumidification in the 
summer is justified. 

Since the air leaving the conditioner is always sat- 
urated, changes in the relative humidity out-of-doors 
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have no effect upon the mill. If the air coming to the 
machine is already nearly saturated, the amount of water 
vaporized is small, while during the afternoon of a hot, 
dry day the quantity is quite large. The significant point 
is that evaporation from the materials being processed is 
always the same, the humidifier taking care of the 
fluctuating evaporative factor. In other words, stocks 
still function as does a humidifier, but only in a slight 
and very constant degree. Excessive evaporation from 
them is prevented by causing the humidifying apparatus 
to perform the greater part of that work, and water from 
the city mains, or from wells, is substituted for the 
moisture for which the miller paid some two cents a 
pound, as wheat. 

Winter operations are as simple and of fully as much 
moment. When air at zero, or below, is heated to 80 
or 85 degrees in the mill, its dew-point temperature would 
necessarily remain in the neighborhood of zero except 
for the addition of water vapor, either from the mill 
stocks or from the water sprayed in a conditioner. The 
conditioner adds this water at a price infinitesimal when 
compared with the price of wheat. Of chief importance, 
however, from the standpoint of quality and uniformity 
of product, is the maintenance of virtually constant ef- 
fective temperatures within the milling process. Un- 
controlled, effective temperatures may vary 15 or 20 
degrees within a period of a few hours, and the conse- 
quent disruption of all the mill adjustments is a serious 
matter. True, the operatives can and do make readjust- 
ments, but necessarily only after some damage has been 
done. 





Removal of Corrosive Fumes 


OT only is the effect of corrosive fumes on oper- 
N ators a reason for their removal from pickling 
rooms, bright dipping plants and similar loca- 
tions, but also is the fact that these fumes have a severe 
effect on the materials of construction in the building. 
Those processes which involve nitric acid, such as 
bright dipping, silver stripping and the like, offer pos- 
sibly the most difficult problems. 

While aluminum and the higher chrome steels satis- 
factorily resist pure nitric acid, it is frequently the case 
that the presence of mixtures of other acids or salts will 
cause severe attack. 

Earthenware equipment is frequently satisfactory for 
resisting corrosive fumes but the inherent difficulties, due 
to its low strength, often offer possibilities of breakage 
when employed in exhaust fans. 

Nearly all operations from which corrosive fumes 
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emanate involve more than one corrosive agent, thus 
complicating the selection of suitable material. In many 
cases a ferro silicon alloy is used. 

In such operations as bright dipping and silver strip- 
ping, it is necessary that a high velocity of air be main- 
tained across the surface of the acid vessel, this velocity 
being sufficient to carry all of the fumes directly into 
the exhaust duct. 

The breathing of nitric fumes has a very injurious 
effect on the operator. 

The accompanying cut shows a typical installation for 
silver stripping. It consists of five pots, four of which 
contain nitric acid which is kept hot by steam in the 
steel jackets. The fifth, or center, pot is merely a wash 
vessel which, however, must be of an acid resisting ma- 
terial because the wash water soon has an appreciable 
acid content. The fan and drain are made of a ferro- 
silicon alloy. 

It will be noted that the duct for the fume exhaust 
runs close behind the vessels. Opposite each pot is a 
slot which is as close as practicable to the surface of the 
acid. The exhaust fan is of sufficient size to create ade- 
quate velocity so that fumes are drawn quickly from 
the entire surface of each pot and taken into the duct. 
A similar method should be used whenever it is desired 
to remove the more severe acid fumes.. This plan also 
eliminates interference with operations, which is fre- 
quently caused by overhead hoods. 








The Flow of Superheated Ammonia 


in One Inch, Extra Heavy Black Steel Pipe 


By John C. Reed and Edgar E. Ambrosius 


Introduction 


HE following data were obtained as a portion of 

/ an investigation on the flow of superheated am- 

monia undertaken by the authors in the Depart- 
ment of Mechanical Engineering at the University of 
Illinois. 

The authors are continuing the work and the final 
results will be published in a bulletin of the Engineering 
Experiment Station of the University of Illinois. A 
complete report of the investigation up to Oct. 1, 1929 
was presented to The American Society of Refrigerating 
Engineers at their December meeting and appears in 
the February issue of their journal. 


In refrigeration, where superheated ammonia is to be 
used as a working medium, a knowledge of the magni- 
tude of frictional losses is necessary for the most eco- 
nomical choice of pipe sizes and equipment. The ideal 
pipe size to use is that one which strikes an economic 
equilibrium between cost of material, cost of installation, 
and the cost of power to overcome the frictional resist- 
ance. 

The determination of the frictional resistance em- 
bodies the use of the friction factor, the value of which 
may be determined for any given set of conditions. The 
friction factor is directly dependent upon the pressure 
drop. If a large pressure drop occurs in the suction 
line of an ammonia compressor, there is a loss of re- 
frigeration. A pressure drop in the discharge line means 
an increase in horsepower required. In order to over- 
come these losses, there must be supplied a larger cylin- 
der displacement and also additional horsepower must 
be furnished. The increasing of either or both of these 
factors means an increase in the cost per ton of refrig- 
eration. Economically, it is desirable to reduce these 
factors to a minimum, thereby reducing the cost per 
ton of refrigeration to a minimum, 

Object 

The object of this investigation was to determine the 
relation between the friction factor and Reynolds’ num- 
ber when superheated ammonia is circulated in one inch, 
extra heavy, black, steel pipe under conditions of pres- 
sure and temperature similar to those encountered in 
refrigerating practice. 

A study of the problem will show that friction is the 
chief factor in producing the pressure drop. Not only 
is there friction between the fluid and 
the surface of the pipe, but also within y 


In just what proportions these two types of friction 
are present is not known, so no attempt will be made 
to arrive at a separate friction factor for each at this 
time. The results of experiments do show, and it is 
also verified in this work, that the frictional resistance 
varies approximately with the density of the fluid, the 
square of the velocity, and the pipe diameter. Since the 
coefficient of friction is not a constant for all conditions 
of flow, it may be inferred 
that the resistance varies as 
some power other than unity 
with the density, and as some 
power other than two with 
the velocity. Pipe diameter 
and roughness also play an 
important part in producing 
pressure drop. In general, 
the roughness effect dimin- 
ishes with an increase in pipe 
diameter. 

A definite relation occurs 
between the friction factor 
and a ratio known as Rey- 
nolds’ number. This ratio is 
composed of the dimensions of the pipe, the average 
velocity of the fluid, the density and absolute viscosity 
of the fluid. 

Maxwell defines viscosity as follows: The viscosity 
of a substance is measured by the tangential force on a 
unit area of either of two horizontal planes at a unit 
distance apart, required to move one plane with unit 
velocity in reference to the other plane, the space between 
being filled with the viscous substance. The viscosities 
of gases, unlike those of liquids, increase with tempera- 
ture, but are practically independent of the pressure. 
Also, viscosity is a fundamental property independent of 
the particular method used in its measurement. With 
this knowledge in mind, all the values of absolute vis- 
cosity that could be found were plotted against tempera- 
ture. The values of viscosity required in this work were 
taken from this curve corresponding to the average tem- 
perature in the test section. 

Having obtained the necessary data, they were ana- 
lyzed according to the dimensionless homogeneity theory ; 
that is, analyzed according to the friction factor and 
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Reynolds’ number criterion, since they are both dimen- 
sionless quantities. 

It is an established fact, taken from the work of Reyn- 

olds’ and others, that stream line motion exists, when 
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being installed the diameter was measured at both ends 
of each section and was carefully inspected. The ends 
were milled square and all burrs removed, and the sec- 
tions were then butt welded in place as shown in Fig. 
2. Subsequent examination proved that this procedure 
gave joints free from internal burrs and other irreg- 
ularities. The pipe may therefore be regarded as 
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than 2500, Turbulent motion takes place for values of R 
above 2500. Under certain conditions, we may have 
either turbulent or stream line motion for values of R 
between 2000 and 3000. 

By using the proper 
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the pressure drop can be calculated. 
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The value of f, is a function of the velocity, pipe diame- 
ter, length and condition of pipe. Fortunately, how- 
ever, f is not an independent function of these variables, 
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ture is that this ratio has no dimensions. It is, therefore, 
a function of variables combined in such a way to give 
a dimensionless result. 

It is upon this basis that the results of this investiga- 
tion were analyzed and the value of the results to one 
interested in the selection of pipe sizes are shown in the 
conclusions of this article. 

The superheated ammonia gas for these tests was 
supplied by a twin vertical single-acting ammonia com- 
pressor in the mechanical engineering laboratory. The 
test section, consisting of 100.85 ft. of one-inch, extra- 
heavy, black, steel pipe, was located between the compres- 
sor and condenser. This size of pipe was selected owing 
to the limitations determined by the capacity of 
the compressor. With larger pipe, the capacity was 





ee, 


Piezometer Rings for Manameter fo 
Measure Pressure Drop in Bend 


“smooth pipe.” The average diameter as determined 
by the mean of the 89 separate measurements was 0.955 
in. 

The long radius bends used were carefully made and 
inspected to insure that the cross-section remained uni- 
form. After installation, with all gages and manometers 
in place, the line was subjected to 200 lb. per sq. in. air 
pressure and tested for leaks by means of soapy water. 
Before being placed in service ammonia was admitted 
and the line again tested for leaks by means of burning 
sulphur wicks, and then covered with approximately one 
inch of hair-felt. 


The Tested Section 


The exact dimensions and layout of this section will 
be found,in Fig. 3. The test section could be by-passed— 
but under testing conditions, the gas came from the com- 
pressor into a receiver or surge tank inserted just before 
the test section. This tank was ten inches in diameter 
and six feet long. These dimensions were ample, since 
pulsations in the test section were practically eliminated. 

The ammonia gas discharged from the receiver into a 
small mixing chamber 
(shown in Fig. 3 and de- 
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not sufficient to obtain velocities necessary to give 
a fairly extensive range of Reynolds’ numbers. 
Smaller pipe was not considered comparable with 
the sizes used in commercial practice. 
In addition, the location selected in- / 
sured that the ammonia could be sup- 
plied with the required range of super- 
heat and pressure. 
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ured by means of calibrated copper-constantan thermo- 
couples made of No. 34 B. S. gage wire. A single cold 
junction at 32 F was used, this being a method suggested 
by Foote, Fairchild and Harrison in “Pyrometric Prac- 
tice,” U. S. Bureau of Standards, Paper No. 170. The ob- 
ject in having the thermocouple located in a chamber 
larger than the normal pipe size was to provide ample 
space for thorough mixing of the gas. With this ar- 
rangement, it was thought that there could be no ques- 
tion as to the temperature of the gas entering the test 
section. The temperature of the gas leaving was obtained 
in a similar manner. 

The manometer pressure readings were taken from 
piezometer rings which were welded integral with the 
piping, as shown in Fig. 5. These rings consisted of a 
circumferential passage which communicated with the 
interior of the pipe by four No. 30 drilled holes, these 
occurring at equal intervals around the pipe. This 
arrangement insured that a correct average pressure 
would be obtained and the blocking up of any single hole 
would not cause failure in obtaining correct manometer 
readings. 

U-tube manometers were used to measure the pres- 
sure losses. These manometers were built of steel to 
withstand the high pressure existing in the system. The 
details of their construction may be observed in Fig. 6, 
and with one exception, the front and back were en- 
closed with heavy plate glass. The scales were glued to 
the front side of the rear glass. All liquid ammonia that 
condensed in the manometers before a test was boiled 
off before any readings were taken. Three such mano- 
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meters were used and their location may be noted in 
Fig. 3 as well as in Fig. 7. 

A Bourdon type ammonia pressure gage was used to 
determine the static pressure in the test section. This 
gage was located centrally so that it recorded the average 
pressure in the test section. 

The gas after passing through the test section was dis- 
charged into a trap which was inserted at this point to 
collect any liquid that might form. The trap served 
aS a very positive check on the fact that superheated 
ammonia was flowing at all times for never was there 
any liquid in this trap. 
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Diagramatic Layout of Entire System 


Fig. 7 illustrates diagramatically the location of all 
equipment used in this investigation. By starting with 
the arrow, leaving the compressor and following each 
succeeding arrow, the ammonia may be traced through 
each piece of apparatus and thus the entire cycle of 
operations may be observed. 

The compressor used is shown in Fig. 8. It was 
engine-driven and had a speed variation from 80 to 100 
revolutions per minute. The gas discharged from the 
compressor into an oil trap which worked quite success- 
fully and only a few times was there evidence of oil in 
the manometers. 

The condenser! used was of the horizontal, multitube, 
multipass type. It consisted of two shells, each contain- 
ing seven tubes about 12 ft. long and about two inches 
outside diameter. A motor-driven centrifugal pump 
was used to furnish cooling water for this condenser. 

The amount of ammonia condensed in a given time 
was obtained by direct weighing,’ in one of two drums 
located on platform scales as indicated in Fig. 7. The 
piping from each of these drums was suspended hori- 
zontally and was connected to the supply valves by means 
of long sweep bends. This arrangement gave enough 
flexibility to the weighing system so that the scales were 
sensitive to a very small change in weight on the scales. 
A suitable system of valves permitted either drum to 
be filled with ammonia while the other was being emptied. 
The ammonia from the latter went directly to the ex- 
pansion valve. Obviously the plant operation was con- 
tinuous, while the weighings were intermittent. 

From the expansion valve, the ammonia circulated 


1“Heat Transfer in a Multitube-Multipass Condenser.” 
the December meeting of the A. S. R. E. in 1928 

2 See Bulletin No. 171 Engineering Experiment 
Illinois. 
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Fic. 7—ScuHeMatic Layout or ENTIRE PLANT 


through the brine cooler. The brine was circulated by 
means of a centrifugal pump, the amount being con- 
trolled by a throttle valve at the pump outlet. 

From the cooler the ammonia returned to the 
pressor to begin another cycle. 


com- 


Test Procedure 


The plan pursued was as follows: The plant was 
put in operation and run several hours with someone in 
constant attendance to bring the brine temperature and 
suction pressure to the desired values. After these con- 
ditions were obtained, the plant was operated until equi- 
librium was maintained in the test section. That is, 
tests were not made until the pressure and temperature 
became constant and remained so for at least an hour. 

A test, or run, was the time required for the collection 
of 50 lb. of liquid ammonia leaving the condenser. For 
very slow rates of condensation the time for the collec- 
tion of 25 Ib. constituted a run. The 
pressure and pressure drop in the line 
were recorded. Having the weight and 
pressure, the volume and velocity were 
calculated. Room temperature as well 
as several other temperatures were 
recorded at intervals during the test, 
while the barometer was read only 
once. Care was exercised that no liquid 
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ammonia was present. As many tem- 
perature and pressure readings were 
secured as convenience would permit 
and the number of readings taken 
ranged from five to twelve, which were 
averaged for values used in calcula- 
tions. 

Several factors entered into con- 
trolling the velocity of the gas, and 
consequently several means of varying 





it. The best control of the velocity was by means of the 
expansion valve. Also if the suction pressure was varied, 
the amount of ammonia passing through the system 
would likewise vary. Then, if the amount of water 
flowing through the condenser be regulated, the pressure 
could be controlled. That is, an increase in cooling water 
decreased the pressure in the condenser, and hence, de- 
creased the discharge pressure at the compressor. As a 
decrease in pressure is accompanied by an increase in 
volume, the velocity was regulated by this method. 

The suction pressure was maintained constant by 
keeping the brine temperature constant. This was ac- 
complished by heating the brine with low pressure steam. 


Conclusions 


1. The results show that the pressure drop in the 
test section varied almost as the square of the velocity. 
2. An important relation, however, was that between 
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the friction factor and Reynolds’ number. A plot of the 
authors’ experimental values with those of other experi- 
menters, indicate a close check. This leads to the con- 
clusion that the general theory of flow which involves 
the expression of friction factor and Reynolds’ number 
is applicable to superheated ammonia flowing in circular 
pipes. 

3. The curve proposed by McAdams for air, steam, 
water, and oil in steel and cast iron pipe, is applicable 
in the case of superheated ammonia within the range of 
this investigation. 

4. It may be further concluded that the results of the 
tests help to substantiate the theory that a common rela- 
liom exists between friction factor and Reynolds’ num- 
ber for the flow of all fluids. 

5. The direct application of this investigation may 
be illustrated by the solution of a typical problem. 

Given: 152 ft. of 1% in. (internal diameter 1.611 in.) 
ammonia discharge pipe line and a velocity of 4000 ft. 
per min. 

Required: To find the pressure drop. 

A graph shown in Fig. 9 illustrates the variation of 
velocity, with internal pipe diameter as the ordinate and 


Reynolds’ number as the abscissa. Reynolds’ number is 
490,000 at the intersection of the inside diameter of 1% 
in. pipe, and a velocity of 4000 ft. per min. 

A tentative curve for friction factor, f, against Reyn- 
olds’ number, FR, is shown in Fig. 10. It is the author’s 
belief that as more data are collected this curve may need 
slight revision. A Reynolds’ number of 490,000, Fig. 10, 
represents a friction factor of 0.00505. Having the fric- 
tion factor, the pressure drop may be calculated from 
the formula, 


p’ = 0.00247 f L U? 





D’ 4000' \? 


60 
p’ = 0.00247 « 0.00505 « 152 &« ————— 
1.611 

p’ = 5.22 lb. per sq. in. 

This demonstrates a method of obtaining the drop in 
pressure in a given pipe line. Having determined this 
drop, one is better enabled to select the most economical 
pipe size. The same procedure may be followed in de- 
termining the drop in pressure in the suction line also. 
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Nomenclature 


p’=<drop in pressure in Ib. per sq. in. 

f =friction factor. 

L =length of pipe in ft. 

U ==velocity of gas in ft. per sec. 

D’= internal diameter of pipe in in. 
2hDg 

f =—— 

4L U? 
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h=loss of head in ft. of gas flowing. 
g=acceleration of gravity in ft. per sec.” 
D=internal diameter of pipe in ft. 

DUs 
R=—— 

N 

R=Reynolds’ Number. 
s==density in lb. per cu. ft. 
N=absolute viscosity in Ib. per ft. sec. 








Electric Air Heating 


By H. L. Stiles 


HERE is a general impression held by the 
public that electric air heating is a convenience 
which for the present is far too costly as com- 
pared with combustion fuels. This is a natural im- 
pression and is one which is held even by many 
associated with the electrical industry in spite of the 
fact that electricity is rapidly being adapted for auxiliary 
and main heating here and abroad. 
Failure to make thorough analysis of the problem 
is the principal reason for the prevalence of this im- 
pression. There is no disputing the fact that ordin- 
ary power rates established for lighting and the use 
of small appliances are not compatible with electric 
air heating, In fact, no extensive amount of heat- 
ing should be done on rates which exceed 2% or 3 
cents per kw.-hr. This is a rather broad statement 
which requires qualification. For instance, one of 
the main factors which limit the price which can 
be paid for air heating electricity, is the type of serv- 
ice to be supplied. If the electric air heaters are to 
be used for but a few hours during the early fall 
or late spring, for occasional or auxiliary heating, a 
higher rate could be paid than for main or continuous 
service. It must also be considered that the flexibil- 
ity of electric heaters makes it unnecessary to heat 
any part of the building except spaces in use. 


A Number of Installations 


Although electric heating does cost more than 
combustion fuel heating, the cost is not out of pro- 
portion where the proper rates have been established. 
That this is true is proved by the increasing number 
of installations. 


ad 


The Benicia High School installation at Benicia, 
Calif. with 216 kw., the Clarksburg High School of 
Clarksburg with 386 kw., and the Tamalpais High 
School in Mariu County with 450 kw. are a few 
examples of public and private school installations in 
California. At Turlock, California, there is a nurses’ 
home and a Woolworth store with heating loads of 
46 and 27 kw. each. San Luis Obispo and Buelton 
are two all-electric towns wherein practically all 
domestic, public and industrial heating and cooking 
are done electrically. In the Vernon manufacturing 
district near Los Angeles, there are a large number 
of office installations. 


Radiant and Convection Heaters 


There are two general types of electric heaters on 
the market. Almost everyone is familiar with the 
radiant heater, sometimes referred to as a “spot” 
heater. This type of heater is ideally adapted for 
short periods of operation, where immediate heat is 
desired, but should not be used for raising and main- 
taining the temperature of the air. For “maintained- 
temperature” heating, as this is called, the type com- 
monly known as convection heater has been devel- 
oped. It differs from the radiant heater in that its 
units operate at a black or “non-glowing” tempera- 
ture. Convection heaters are designed to permit a 
large volume of air to circulate over the units and be 
heated. The air continues to recirculate through 
the heater until the room temperature is raised to any 
desired degree. The heater may then be turned to a 
lower heat, manually, or by an automatic thermo- 
stat which has been set to control some predeter- 


dpa 


Plies | tas ws , 
am) - eet 1+ fit 


peaks 


' - 





A View or San D1eco 








February, 1930 


mined temperature. The percentage of radiation from 
this type of heater need and should not exceed that 
of a steam radiator. 


The convection and radiant types of heater have- 


been used very extensively through California. The 
minimum temperature in that state very rarely falls 
below freezing and remains there for but a short 
time. As the kw.-hr. rate averages between 1% 
and 2 cents, electric heat may be used exclusively for 
homes, offices and public buildings. 


The convection heater, because of the absence of 
radiant heat, is being more and more used for stores, 
public buildings, libraries and schools. 


Central Stations Studying Possibilities 


It has been often said that electric air heating will 
be restricted to the Pacific Coast states where there 
is an abundance of hydro-electric power. It is gen- 
erally believed that water power provides cheaper 
current, but this is not always true. In some in- 
stances steam power plants of modern design are 
capable of delivering current to the customer at a 
lower rate than is possible with hydro, This fact 
has been lately demonstrated by one of the largest 
power companies in California which is actively en- 
gaged in building up its air heating load. 

There are already a number of power companies in 
the northern states that are investigating the prac- 
ticability of electric heat. It is expected that rates 
attractive for electric heating will be offered to the 
public to enable them to take advantage of this type 
of service, at least for auxiliary use. The chief ob- 
jection by the central stations to this use of current 
is that the load is seasonal; that is, during the cold 
periods the load is heavy and pyramided on the in- 
dustrial and other domestic loads. During the 
warmer seasons the load is absent with no substitu- 
tion to take its place. This is a genuine deficiency, 
particularly in the localities subject to severely cold 
weather and where, consequently, the power load 
would be unusually heavy. 


To circumvent this difficulty there has been 
formed a company to exploit the possibility of using 
night storage heaters which would be turned on 
during the night hours when the other load is low. 


The use of “off-peak” power for air heating is not 
a new idea either here or abroad. Probably one of 
the first experiments in this country along this line 
was started in 1914 at Seattle, Washington, and re- 
ported in the Journal of Electricity of June 15, 1919. 
Although the results indicated that night storage 
heating was a solution to the central stations’ prob- 
lem, no great development was made at that time. 

An electrical heating company of Philadelphia has 
within the last few years installed a number of 
night storage electric air heating systems in Fort 
Wayne, Indiana. The heating systems installed con- 
sisted of one or several accumulators or large tanks 
filled with water, well insulated, and equipped with 
immersion type electric heating units. These units are 
automatically turned on during the night hours and 
heat the water to any predetermined temperature, 
when they are again turned off. As water has a very 
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high specific heat, sufficient heat can be stored during 
the night for use during the following day. The heat 
may be distributed by circulating warm air in ducts 
or by circulating the hot water. Either system has 
proved satisfactory. 


Estimating Heater Sizes 


For estimating the required heater sizes for heat- 
ing, the method standardized by the American Soci- 
ety of Heating & Ventilating Engineers for calculat- 
ing heat losses is used. The total calculated loss in 
B.t.u. is directly converted into the estimated kw. 
capacity by dividing by 3412. No allowance need be 
made for inefficiency. To provide for rapid preheat- 
ing, 15 to 20 per cent is added to the amount calcu- 
lated to maintain the required indoor temperature. 
This creates a condition comparable to the increased 
condensation of a radiator due to the lower room 
temperature at starting. With electric air heating this 
is necessary in the event that the heating is done 
intermittently, in which case the starting tempera- 
ture may be relatively low. This over-capacity will 
not increase the total kw.-hr. consumption but will 
prove to be an economy. 

A simple and easy means for comparing the rela- 
tive costs of electric air heating in two separate re- 
gions may be made through the aid of the degree-day 
unit. For instance, San Francisco has 3450 degree- 
days, while Dallas has 2455. Although Dallas has the 
greater temperature fluctuation over the year, the 
total heating is less. This would indicate, assuming 
the same power rates existed in both localities, that 
electric heating would be cheaper in Dallas than San 
Francisco, where electric heating is already in 
common use. 
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Trap Installation for Process Work’ 


By T. H. Rea 


heating work operated under quite different con- 
ditions than traps for process work. With the 
advent of the unit heater and with the hundreds of new 
applications for steam in process work, there is no longer 
a well-defined boundary between heating and process 
service. In fact, ordinary heating service can well be 


. FEW years ago the majority of traps for industrial 
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TIME IN MINUTES 
Fic, 3—PressurE AND CONDENSATE VARIATION IN BATCH 
Process Work 


considered as a division of process heating. Process 
steam heating might be defined as the condensing of 
steam in suitable pipes or chambers designed for trans- 
ferring the latent and sensible heat of steam to solids, 
liquids, or gases. Industrial heating falls within tne 
scope of this definition. 


Two Kinds of Process Heating 


Process heating work can be classified in two divisions ; 
first, batch or intermittent processes, and second, contin- 
uous processes. It is admitted that the typical continuous 
process application wili start and stop and to that extent 
is intermittent. However, further discussion will reveal 
that there is a sound basis for this classification. 

In batch process work, the material to be heated is re- 
tained in the heating unit until the process is completed. 
Sometimes the material to be processed is introduced 
into the machine or heating unit after the unit has been 
brought up to temperature ; more frequently the material 
must be charged into the heating unit before steam can 
be admitted. Under this second condition, the demand 
for steam is very heavy at first and the pressure drops 
sharply. Hence a steam trap must be used that has a 
large enough orifice to handle the flood of condensate at 
low pressure differential. As the process advances, the 
temperature of the material and the unit itself will rise, 
cutting down the rate of condensation and allowing the 
pressure to build up. Toward the end of the process, 


* This is the third of a series of five articles. 


the steam requirement may be small and the pressure 
in the unit practically equal to the pressure in the steam 
supply line. Not only must the valve orifice be large 
enough to handle the peak load of condensate at the 
low initial pressure but also the operating mechanism 
of the trap must be powerful enough to pull the discharge 
valve away from this large orifice at the maximum steam 
pressure. 


High and Low-Pressure Traps on Same Job 


When the amount of condensate and the steam pres- 
sure vary between wide limits, a high and a low-pressure 
trap may be used on the same job. The valve orifice in 
the low-pressure trap is large enough to handle the initial 
flow but the mechanism will not pull the valve away from 
the seat after the pressure rises beyond a certain point. 
By this time, the amount of condensate should be low 
enough to be handled by the small valve in the high 
pressure trap. Examples of this extreme service on 
which a high and low pressure trap can be used to ad- 
vantage are sulphite pulp cookers and large vulcanizers 
in the rubber industry. 


Continuous Process Work 


On the other hand, the load on a continuous process 
trap is comparatively uniform. 

The dryers on a paper machine are typical continuous 
process heating units. Before the sheet is carried on to 
the dryers, they have been brought up to temperature. 
Once a sheet is over the machine, the steam condensed 
in any dryer will vary but little. In fact, it is not at all 
unusual for a paper machine to run an entire week on 
one grade and weight of paper, hence steam pressure 
and condensate will be uniform. The pressure and 
amount of condensate will vary between very narrow 
limits, which is in marked contrast to the wide limits 
prevailing in typical batch process work. The steam 
trap that will handle a continuous process job at the 
highest pressure usually has sufficient capacity to handle 
all condensate at low pressures. In other words, con- 
densate varies with the pressure in continuous process 
work instead of inversely proportional to pressure as in 
batch process work. 

In passing, it should be pointed out that when steam 
is first turned into a continuous process unit, the pres- 
sure and condensation curves are similar to batch process 
curves. However, this condition lasts only until the 
unit is brought up to temperature, after which the con- 
densation and pressure figures are usually proportional. 
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many kinds of proc- 
ess or heating units 
made, a classification 
based on the type of steam chamber used shows that 
there are but four types, as follows: 


1. Continuous coil type. 
2. Chest or chamber type. 
3. Siphon drained type. 
4. Header coil type. 


Fig. 4 shows a very common continuous heating coil 
used for general heating work. This is made from or- 
dinary pipe and fittings. Fig. 5 shows a type of coil 
usually made from copper tubing which is used exten- 
sively in the food and chemical industries, for example. 
Heating coils of the type shown in Fig. 4 are used widely 
for general heating duty (continuous operation) while 
the coil in Fig. 5 is used usually for batch process work. 

A continuous coil heating unit is more easily drained 
than chest or cylinder type units. The cross-section is 
so small compared with the total steam space that the 
steam velocity through the coil sweeps all air and con- 
densate along to the end of the coil and the steam trap. 
For best results the coil should have continuous gravity 
drainage to the trap, leaving no pockets in which con- 
densate can accumulate. It is not possible to short cir- 
cuit any portion of a continuous coil and hence air 
binding is impossible provided, of course, that the steam 
trap has sufficient air handling capacity for the particu- 
lar job. 

The jacketed kettle shown in Fig. 6 and the flat work 
ironer shown in Fig. 7 are typical chest type steam 
heated process units. As in the case of continuous coils, 
these chamber type units may be used for continuous 
or batch process work and a given unit on batch work 
will require a larger trap than if it were on a continuous 
process. The steam outlet is at the lowest point of the 
chamber so that there will be good gravity drainage for 
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condensate. However, the cross section is so large in 
proportion to the chamber capacity that there is no 
positive flow to sweep air and other incondensible gases 
up to the trap. Thus it may happen that these chambers 
may have “dead” spots in which air can accumulate and 
cut the heat transfer capacity of the unit. It should be 
obvious that the air handling capacity of a trap on this 
type of service is of even more importance than for con- 
tinuous coil service. 

Siphon-drained drying cylinders as shown in Fig. 8 
are extensively used on paper machines, cloth slashers, 
ironing machines, dry milk machines, etc. Steam enters 
the dryers at A and the condensation that collects at the 
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bottom of the cylinder passes out 
through the siphon pipe S and is 
discharged through the trap. This 
type of dryer is usually used for 
continuous process work and hence is brought up to tem- 
perature before the process load is applied. Thus the 
trap does not need much excess capacity over and above 
the maximum process load. 
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Draining Cylinder Dryers 


Two rather serious difficulties complicate the proper 
draining of cylinder type dryers, first the large amount 
of air that is usually encountered and second, the flash 
steam that is generated in the siphon pipe. When steam 
is first turned into these dryers they, of course, are 
filled with air and unless the steam trap used has a large 
air handling capacity, it is quite likely that all of the 
air will not be eliminated, even though the dryer be used 
continuously for a period as long as a week. In addition 
to the air that is present when steam is first turned on, 
the steam used contains a certain amount of incondens- 
ible gases which will accumulate very rapidly unless 
positive means are used for removing these incondens- 
ible gases as fast as they accumulate. 

In order to promote flow through the siphon pipe, the 
pressure at O must be greater than the pressure at M. 
Also, the static head at O will be greater than at M and 
this drop in pressure is great enough and quick enough 
so that considerable flash steam will be encountered at 
M, choking the flow through the siphon pipe itself and 
also closing the trap before all the water has been dis- 
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‘ 
charged. This flash steam must be condensed or other- 
wise dissipated, for instance, by special vents, before 
condensate will flow freely to the trap. There are a 
number of cylinder type dryers in use that have buckets 
for collecting the condensate and dumping it into the 
discharge line rather than siphon pipes. In this type of 
dryer little trouble is experienced from flash steam as 
the condensate flows to the trap entirely by gravity and 
not because of the differential in pressure between the 
trap and the cylinder itself. 

The three types of process heating units just described 
are all single steam chamber units. Draining the single 
continuous coil is a comparatively simple matter. Drain- 
age of the chest or chamber type unit is complicated by 
lack of positive flow to carry air to the trap. The siphon- 
drained cylinder is even more difficult to handle than 
the chamber type, both because of the large size of the 
cylinder (sometimes five feet in diameter and twenty 
feet long) and because drainage is effected through a 
siphon pipe. Several single chamber units may be com- 
bined into one heating unit or machine. Frequently the 
steam consumption of one unit of such a machine will 
be greater than in the other units. This means that the 
pressure will drop in this particular chamber and very 
often this pressure drop will cause one or more chambers 
to short circuit and hold back air or condensate, thereby 
reducing the heat transfer capacity of the machine. 


Multi-Unit Heaters 

To bring out the point more strongly, let us consider 
some multi-unit heaters or machines. The simplest of 
these is the header type coil, outstanding examples of 
which are shown in Figs. 9, 10 and 11. Fig. 9 shows a 
simple type that is commonly used for industrial heating. 
Headers A and B may be cast in one piece or made up 
from ordinary pipe fittings. Fig. 10 shows an angle type 
that is used in dry kiln work while coils as shown in 
Fig. 11 are commonly used in rooms for drying clay 
products. 

Assume that steam is turned into the coil shown in 
Fig. 11. The coil is cold and the trap valve wide open. 
Because of unequal pipe lengths, or because of the fact 
that some pipes are nearer the steam inlet than others, 
steam will get to header B through some pipes more 
quickly than others. It is quite probable that steam 
would reach header B through pipes 3 and 4 while air 
still remains in pipes 1, 2, 5 and 6. By the time steam 
does reach header B through pipes 3 and 4, condensate 
will reach the trap and before this condensate can be 
discharged, pressure must build up. As the pressure 
builds up, air in pipes 1, 2, 5 and 6, is compressed and 
steam will enter these pipes from header B, pocketing the 
air as indicated by the shaded sections. It is quite 
probable that these air pockets will remain indefinitely, 
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as steam will continue to flow into pipes, 1, 2, 5 and 6 
from header B. Condensate from these lines will flow 
by gravity to header B but the flow of condensate to- 
wards B_is not necessarily going to prevent a counter 
flow of steam and as long as steam is coming in from 
header B the air pockets will remain. 

Let it be distinctly understood that this particular 
layout is a hypothetical case. It is conceivable, but not 
probable, that steam would reach header B through all 
pipes simultaneously. In this case no air pockets would 
form. The “steam race” to header B seldom ends in a 
tie and air pockets are likely to form in only one, or all 
but one of the pipes of a coil of this type. In which 
coils air pockets will form can best be determined by 
experiment. 

Once these air pockets form, a steam trap can do 
nothing to remove them. All the trap can do is pass 
condensate and air that comes to the trap—it can not 
reach out and pull air against a flow of steam. Coils of 
this shape should be avoided whenever possible. The 
fewer, the shorter, and the better drainage of the pipes, 
the less likelihood there is of air pockets forming. 
Proper design of steam supply headers to insure uni- 
form flow of steam to each pipe is very important if 
maximum heat transfer is to be expected from these 
header-type coils. The ideal way would be to put a trap 
on each pipe and thus insure positive air and condensate 
drainage. However, the cost of the installation fre- 
quently makes this inadvisable. 

Several steam heated chests may be grouped together 
to make a steam heated machine. A chest type flat work 
ironer as shown in Fig. 12 is a fine example of this 
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grouping. Cold wet flat 
work enters the machine 
at point A and chest No. 
1, in contact with this 
cold cloth, will condense 
more steam and hence 
have a lower pressure than the other chests. The pres- 
sure in chest No. 2 will not be as low as in chest No. |! 
but will be lower than in the remaining chests. The 
pressure in the other chests will vary but not to the same 
extent as the chests on the wet end of the machine. This 
pressure differential does not interfere with condensate 
draining as the condensate will flow to the lowest part 
of the chest and can flow out counter current to an) 
steam that may enter at M or N. However, as long as 
the pressures in chests 1 or 2 are even a fraction of an 
ounce lower than in header B, steam will flow from /’ 
to the chests. This means that air can not escape from 
the chest until the pressure differential is reversed. -\> 
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air accumulates in a chest, there will be less room for 
steam and hence the amount of condensation will drop 
and the pressure will rise. Immediately, the flow in 
pipes M or N will be reversed, allowing air to escape 
until pressure again falls off in the chests. That this is 
not mere theory has been proved by installations where 
traps have been placed on each chest. The effectiveness 
of the air removal is proved by increases in the amount 
and quality of work turned out by the 
machines. 

Twin cylinder flat work ironers and dry milk 
machines almost invariably have a trap on each 
cylinder to insure perfect drainage. If a single 
trap were used, it is highly probable that one ' 
cylinder would become short circuited and fail 
to drain. On the other hand, it is unusual to 
have individual traps on all paper machine 
dryers, even though the dryers will range in 
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into sections and using flash steam from one section in 
the dryers of the previous section. The point we make 
is that individual traps are desirable when there is con- 
siderable condensate and pressure variation between cyl- 
inders—otherwise, one or more dryers will probably be- 
come partly filled with water. 

Analyze any process heating unit and it will be found 
to be either a continuous coil, chest, or siphon-drained 
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number anywhere from 20 to 150. These 
dryers are usually grouped into two sections, 
wet and dry end; sometimes an intermediate 
section is provided. The wet sheet from the 
press section first goes over the wet end dryers 
which are under low pressure so that the sheet will not 
dry too rapidly. When the sheet leaves the presses, it is 
about two-thirds water and at a low temperature, espe- 
cially during the winter time. Consequently in the first 
few dryers there is a very large amount of steam con- 
densed and a progressive pressure rise from one dryer 
to another as the sheet is brought up near steam tem- 
peratures. Because of this large amount of condensate 
and pressure variation, individual traps are often used 
to drain the dryers in the wet end section. By the time 
the sheet reaches the dry end or intermediate section, the 
variation in condensate from one dryer to another is very 
small—hence there is only a negligible pressure differ- 
ence. These dryers are usually drained by maintaining 
sufficient pressure differential between supply and return 
headers to insure flow through each siphon pipe to the 
return header. Flash steam, or rather flash steam and 
live steam, that blows through the dry end dryers is often 
used as the steam supply to the wet end section. 

The above is an extremely brief outline of a paper ma- 
chine dryer drainage system. There are many patented 
systems and many arrangements for dividing the dryers 
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cylinder or some combination of any of the three. Trap 
selection for any process unit should be compartively 
simple. If continuous process, the trap should have 
enough excess capacity so that it will handle the maxi- 
mum process load comfortably. If a batch process, the 
trap will have to handle the flood of condensate when 
starting up and still be able to open the large valve after 
the pressure builds up and the amount of condensate 
falls off. Regardless of the service, a trap should be 
installed that will handle any amount of air that will 
come to the trap. 


Trap Size Required 
The maximum steam consumption and hence the size 
of trap required to drain any apparatus can be estimated. 























TABLE 1—StTEAM CONDENSED PER FT. or Bare Pipe per Hr. 
Air Temp., 75 F 
it ae: er. prey, | Per 
STEAM) PERA- Pirr Diameter IN INcHES 8a. 
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5 | 228 | 153 | .16) .21 25} .35 .45 54 64) .82) 1.01] .34 
50 | 298 | 223 | .28) .38 45, .63,| .79) .97| 1.14) 1.47] 1.80] .42 
100 | 338 | 263 | .36].41} .59 .84) 1 05) 1 28) 1.51) 1.94) 2.39] .82 
160 366 1 291 | .43] 59] .71) 1.00 1.26) 1.54) 1.82) 2.35) 2.89] .99 





Where the radiation is in greenhouses, dry kilns, etc., 
the condensation figures should be doubled, while for 
drying wet materials such as brick, pottery, etc., triple 
the above figures. For indirect heating coils with blower 
fan, the condensation will be from five to six times as 
great and in the coils on the cold air side, the figures 
may be increased by another fifty per cent. On the 
other hand, if the lines are well insulated, the condensa- 
tion figures can be divided by five. 

The condensation from coils or other surfaces cov- 
ered with water depends upon the metal used and the 
difference in temperature between the steam and the 
liquid. Table 2 shows the condensation to be expected 
under such conditions. 
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Fic. 13—Si1x Jacketep KETTLES 





| 2 3 a 5 


CHECK 
VALVE 


DRAINED BY ONE TRAP 


steam will pass from the return header 
to the kettle, blocking off the escape 
of air. Suppose check valves are in- 
stalled in the outlet lines from each 
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kettle so there can be no back flow of 
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FROM STEAM CoILs SUBMERGED 


WATER 


TABLE 2—CONDENSATION 


Pounns or Sream Conpensep Per Squsre Foor or 
SusMERGED SuRFACE 
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Temperature =| 
DirreReNnce Brrween| 





STEAM AND -—_— —— 
Warer | Wroooar Iron 
Dea. F Cos | Brass Coms Copper Coits 
#* Be t alt 
50 | 10 | 16 18 
100 32 50 58 
150 ib 100 114 
200 110 164 186 
300 220 | 330 380 


The above table applies to metal surfaces that remain 
clean and if the surfaces become fouled, the condensa- 
tion will be reduced. Condensation will be further re- 
duced if the liquid contains solid matter. For viscous 
liquids, the condensation figures may be anywhere from 
one-fourth to one- 
eighth of the 
values in _ the 
above table. 


STEAM SUPPLY 
JACKETED KETTLE? 
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After the prob- 
able condensation 
from a unit has 
been determined, 
the selection of a 
steam trap is a 
simple matter. 
From the trap 
manufacturer’s ca- 
pacity tables, pick 
out a trap that 
has the capacity 
necessary plus enough excess capacity to handle any ex- 
troardinary operating conditions. If, after the trap is 
installed, it apparently lacks capacity, a test should be 
made with the next size larger traps. In general, it is 
comparatively easy to estimate the size of trap for drain- 
ing coil radiation but for chest or chamber type units, 
larger traps than the theoretical are almost always neces- 
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sary. 

Just as continuous coils, steam chambers, and siphon- 
drained cylinders are combined to make single units 
usually drained by a single trap, two or more machines 
may also be drained by a single trap. There are many 
successful installations of this type. On the other 
hand, there is a very great possibility that one or more 
machines will short circuit and become filled with air 
or water and thus go out of commission. Fig. 13 shows 
six jacketed kettles drained by a single trap. As in the 
case of the header type coil, steam will reach the header 
more quickly through some kettles than others. Thus 





steam. Let us further suppose that 
the material in kettle 3 is dumped and a batch of cold ma- 
terial added. Immediately the pressure in kettle 3 drops, 
the check valve closes and no condensate can escape 
until the pressure in kettle 3, together with the static 
head of condensate on the check valve, is equal to the 
pressure on the discharge header side of the check 
valve. Until the pressure in kettle 3 is equal to the 
pressure in the header no air can escape as there will be 
seal over the check valve. This means that con- 
and air will cut the heat transfer capacity of 
kettle 3 as long as the pressure in the kettle is less than 
the return line pressure. If a trap were installed on 
each kettle, there would always be a drop in pressure 
between kettle and return line, hence air and condensate 
would always be free to pass through the trap. Indi- 
vidual trapping costs more than group trapping. How- 
ever, first cost is not final cost and final cost determines 
the profit. One batch of material spoiled by slow cook- 
ing will frequently 
pay for an indi- 
vidual trap — not 
to mention loss of 
time and overhead. 
Hence, modern en- 
gineering practice 
does not ask 
“How cheaply can 
we trap these 
units?” rather, 
“How can we trap 


a water 
lensate 
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these units in or- 
der to get the 
largest output of 
high grade mate- 
rial?” The cost of a trap is very low, often less than 1 
per cent of the cost of the heating unit. Is it logical 
then to attempt to economize on 1 per cent of the in- 
vestment and cut the capacity of 99 per cent of the in- 
vestment anywhere from one-tenth to one-half ? 

Sometimes engineers who insist on individual traps 
for steam heated units will attempt an installation such 
as shown in Fig. 14. Line No. 1 drains the supply 
header while line No. 2 drains the kettle. A pressure 
approximately equal to header pressure will build up in 
the trap through line No. 1. The steam condensed in 
the kettle will keep the pressure in the kettle well below 
header pressure and consequently the kettle will not 
drain satisfactorily. This hook-up is capable of many 
variations and should be avoided. It is better not to 
drain the supply line than to short circuit the unit. Of 
course, sound engineering would insist on a trap to drain 
the header and a separate trap to drain the kettle. 


CorRECT 


The fourth of this series will appear in an early issue. 














Air Conditioning a Department Store 


By E. H. Dafter 


O THE J. L. Hudson Co., Detroit, Michigan, 
belongs much of the credit for pioneering the 
application of air conditioning to department 
stores. In April, 1923, the management of the J. L. 
Hudson Company, realizing that its expanding busi- 
ness was outgrowing its quarters, decided to enlarge 
their quarters by replacing the original wood con- 
struction building, erected in.1891, with a new fire- 
proof building of the finest type for its purpose. 
Not content with mere increase in floor space, the 
J. L. Hudson Company aspired to the finest mer- 
chandising and mechanical equipment of the day. 
When this new building, now known as the Farmer 
Street Bldg., was proposed, the Hudson Company 
requested its architects and engineers to make a spe- 
cial survey and study of the heating and ventilating 
requirements with particular regard to the ventila- 
tion problem of the basement store. After intensive 
study and investigation the architects and engineers 
suggested air conditioning instead of mere ventila- 
tion. The result was that the main floor, the mezzanine 
and the two basement floors of the new eighteen-story 
building erected in 1924 and 1925 were air conditioned. 
Some time after the original installation was com- 
pleted, and during the construction of the company’s 
second new building a few years later, more of 
which will be told later, the management of the Hud- 
son Company was being interviewed in regard to the 
air conditioning installation and during the conversa- 
tion the following remark was made, “We consider 
air conditioning absolutely essential for our basement 
store. In order to sell merchandise below the ground 
level, one of the first requisites is a first class ventilation 
system. Without adequate ventilation it would be 
impossible to conduct sales in the basements and 
operate a first class store with any degree of success. 
We believe that in the long run air conditioning does 
not cost us any more than an adequate ventilation 
system would for this reason: Floor space is a valu- 
able item in a department store and means dollars 
and cents. With air conditioning we save space be- 
cause we can install smaller equipment, smaller 
ducts, etc., as compared with that which a ventila- 
tion system might require. There are also operating 
economies that can be effected due to the fact that 
we can recirculate a large part of our air. As to air 
conditioning our main floor, we charge that off to 


advertising. We realized that if we could make our 
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Tue GreaTeR Hupson Stores or DETROIT 


patrons comfortable and draw them in off the street, 
the equipment would soon pay for itself in the ad 
vertising that results therefrom and also the addi 
tional sales that may result.” 

The author believes that the above statement will 
prove to be of considerable interest to those in the 
air conditioning field. 

Growth of the Hudson Company was rapid and 
the history of the company is one of almost constant 
expansion. Early in 1927 the business of the New- 
combe-Endicott Co. was purchased and in October, 
1927, razing operations were started on the buildings 
just purchased, to make room for the new building 
which houses the second installation of air condition- 
ing equipment previously mentioned. The manage- 
ment of the Hudson Co. was so completely satisfied 
with air conditioning that it was one of its major 
considerations in the new structure now known as 
the Newcombe-Endicott Building. 


Conditions Maintained 

The equipment designed and installed in each of 
the Hudson Co. buildings was specified and is guar 
anteed to maintain 74 degree dry bulb and 55 per 
cent relative humidity inside the when the 
outside does not exceed 81 degrees dry bulb and 73 
degrees wet bulb. 

The same equipment that provides the cooling and 
dehumidifying in the summer also provides the heat- 
ing and humidifying in the winter. 

Winter conditions are maintained at 72 degrees 


store, 








Heating -Piping 
and Air Conditioning 


114 





February, 1930 





An INTERIOR VIEW OF THE FARMER STREET ENTRANCE TO 


AIR 


THE FARMER STREET -BuILDING. NOTE THE SUPPLY 


GRILLE ABOVE THE REVOLVING Doors 


and 40 per cent relative humidity. It is interesting 
at this point to note from proved operation that very 
often when the outside temperature stood at 32 de- 
grees or below the basement store has required 
cooling instead of heating; that is, the temperature 
of the air delivered to the store was lower than that 
withdrawn. This is the result of the tremendous 
amount of heat given off by the customers and em- 
ployes and from the electric lights. In fact, during 
unseasonable weather in the holiday season when 
the thermometer occasionally reached 50 degrees of 
above, it has been necessary to operate the refrig- 
eration units in conjunction with the air condition- 
ing units. 
Location of Equipment 


The air conditioning plant is located in the third 
basement level. The first installation is located in 
the Farmer street building and consists of five sets 
of air conditioning units, and three refrigeration 
machines of the centrifugal type. Air conditioning 
unit No. 1 is designed to take care of the main floor 
and mezzanine. Units No. 2 and No. 3 condition the 
first and second basement sales areas. Unit No. 4 is 
designed to condition the third basement stock stor- 
age room and also the machinery room, while unit 
No. 5 was arranged to connect into the existing duct- 
work of the south portion of the existing Woodward 
avenue building. 

The second installation is located in the Newcombe- 
Indicott building and is also in the third basement. 
It consists of eight sets of air conditioning units and 
three units of the centrifugal refrigeration machines. 
Air conditioning unit No. 21 conditions the entire 
main floor and mezzanine of the Newcomb-Endicott 
building. Units No. 22, No. 23, and No. 24 are de- 
signed to take care of the first and second basement 
sales areas. Unit No. 25 conditions the north portion 
of the old Woodward avenue building. It is so ar- 


ranged that it takes care of the main floor and 
mezzanine, first basement sales area, and also the 
general offices of the basement store which are lo- 
cated in the second basement. This portion of the 
old building was revamped and remodelled during, 
construction of the Newcomb-Endicott building. 
Unit No. 26 conditions the third basement stock 
storage and receiving room. Unit No. 27, the fourth 
basement packing and shipping departments, while 
unit No. 28 takes care of the cooling and ventilating 
of the machinery room. There is also a small heat- 
ing fan unit installed in this room which is capable 
of delivering air at 150 degrees to each entrance 
vestibule on the main floor. These vestibules have 
an air change approximately every two minutes and 
are designed to reduce infiltration losses in the win- 
ter time. 


Capacity of Equipment 


The Farmer street building has a total capacity of 
192,000 c.f.m. combined with 600 tons of refrigeration 
handled in the air conditioning plant. The second 
plant, which was completed early in 1929, added 
350,000 cu. ft. of air per minute and 1,000 tons of 
refrigeration. The refrigeration machines in the first 
installation are driven by three 200-hp., 3600-r.p.m., 
220-volt, 3-phase, 60-cycle, constant-speed squirrei- 
cage induction motors. The machines in the new 
installation are driven by three 350-hp., 1800-r.p.m., 
variable speed, slip ring motors with 4600-volt, 3- 
phase, 60-cycle current. 

The outdoor air is drawn in by fans at the tower 
floors through neatly grilled windows and is imme- 
diately tempered and filtered. It is then passed down 
the elevator shafts under a unique system of tem- 
perature and pressure control. This is accomplished 
without the creation of drafts and no discomfort is 
experienced by elevator riders. Finally, the air is 
delivered to each air conditioning unit in the third 
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basement. Here, in the summer time, it is dehumidi- 
fied, cooled and washed in the sprays of water cir- 
culated from the refrigerating units. It is then mixed 
under automatic control with a quantity of recir- 
culated air which has previously been filtered and is 
finally discharged through an extensive duct system 
to the conditioned areas. The entire plant is under 
automatic control and the air in the conditioned 
spaces is held within a two-degree variation. 


System of Ductwork 


One of the interesting features, and also one that 
demanded considerable thought and attention on the 
part of the designing engineers, was the arrangement 
of the ductwork. In general, all trunk ducts were 
run on either the third or fourth basement ceilings, 
with the fourth basement having the majority. There 
is approximately 172 tons of sheet metal ductwork 
suspended from this ceiling. From the trunk ducts 
on these ceilings a myriad of small branch risers 
were tapped off and run up vertically to supply and 
exhaust from the individual grilles. 


Air Distribution 


The air distribution of the main floor is through 
grilles arranged around the outer walls and over the 
show cases. Various trunk risers were run up at 
advantageous points and discharged into specially 
designed sheet metal plenums that were built into 
the upper part of the show cases. This point was 
worked out very carefully and to detail with the 
manufacturer of the show case fixtures. These grilles 
discharge outwardly approximately eight to ten feet 
above the floor level. For the inner central portion 
of the main floor, a few branch ducts were run in 
the false ceiling of the first basement and arranged 
to discharge up vertically between show case fix- 
tures placed back to back. This air was sprayed out 
into the room much in the same manner of water 
issuing from a fountain. The recirculated and ex- 
haust air is drawn in at the floor line through spe- 
cially designed grilles underneath the show case 
fixtures. 

The supply air for the mezzanine is carried up in 
the outside walls in small branch risers from the 
trunk ducts on the basement ceiling and is carried 
out into false beams and discharged horizontally 
through wide shallow grilles on either side of the 
beam. No return air is taken from the mezzanine 
but is allowed to spill over onto the first floor, where 
it is drawn back into the system. 

The air for the first and second basement sales area 
is delivered in a unique and interesting manner. 
Both the supply and exhaust are distributed through 
very small ducts built around each column and which 
in turn are plastered in and formed as part of the 
column. This method avoided the use of unsightly 
overhead ductwork and left the already restricted 
headroom entirely clear, since in both new build- 
ings the first and second basement levels had to 
match up to the existing levels of old buildings. As 
mentioned previously, the trunk ducts for these risers 
were run on either the third or fourth basement ceil- 
ings, which are not sales areas open to the general 
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public. This method of arranging the ducts as part 
of the columns presented some very intefesting prob- 
lems, which were worked out in close co-operation 
with the consulting and structural steel engineers. 

The air distribution of the third and fourth base- 
ments is of conventional design and needs no special 
comment. The air is delivered through diffuser out- 
lets in the ducts at the ceiling level and exhausted at 
the floor level in all cases. 


Automatic Control 


In the summer time, automatic thermostats control 
the dewpoint or saturation temperature of the air 
leaving the spray chambers. Individual automatic 
thermostats are placed in the various recirculating 
ducts from each floor or division of a floor and react 
upon mixing dampers which control the ratio of de- 
humidified and recirculated air. Since the dewpoint 
temperature is predetermined and regulated, control- 
ling the temperature in the conditioned areas nat- 
urally maintains the relative humidity desired within 
a very small percentage, allowing for the moisture 
given off by the people. 

In the winter time, the dewpoint thermostat func- 
tions in the same manner as before, but set at a lower 
temperature, while the thermostats in the recircu- 
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ONE OF THE THREE 200 Ton 
REFRIGERATION Units LOCATED 
IN THE THIRD BASEMENT OF 
THE FARMER STREET BUILDING 
OF THE Hupson Stores. EaAcu 
or THESE CoMPLETE UNITS 
Occuptes A Ftioor SPACE OF 
Asout TEN By FourRTEEN FEET 


lating ducts react upon diaphragm steam 
valves in addition to the dampers. ‘The 
diaphragm valves control the admission 
of steam to heaters which are placed in 
the path of the recirculated air. 


Recording Instruments 


In order to provide the operating engi- 






















neers with a continous record of the 
functioning of the air conditioning plant, 
four electrical eight-point recording in- 
struments of the continuous type were 
installed. This allows the recording of 
the temperatures at thirty-two various 
points and one can tell at a glance just 
what is occurring at each recording sta- 
tion. These instruments were con- 
nected up in_ this Machine 
No. 1 was so arranged that it recorded 
eight dewpoints only, one from each 
conditioning unit. Instrument No. 2 
recorded nothing but return air tempera- 
ture, one station being at each of the 
eight conditioning units. Machine No. 3 
recorded eight fan discharge tempera 


manner. 


tures, while instrument No. 4 recorded 
various temperatures as follows: (1) 
fresh air dry bulb; (2) fresh air wet 
bulb (3) chilled water to sprays; (4) 
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chilled water return from sprays; (5) city water supply 
to refrigeration condensers; (6) condenser water dis- 
charge; (7) transformer room exhaust temperature, and 
(8) machinery room exhaust temperature. 


Additional Air Conditioning 


In addition to the air conditioning plant for the 
sales area just described, the Hudson company has 
two other air conditioning plants that are of interest. 
One of these is the plant for the air conditioning of 
the public restaurants located on the thirteenth floor 
and the other is what the author believes is the first 
air conditioning plant for the cooling and ventilating 
of the transformer vault in a building of this nature. 


The Transformer Vault Air Conditioning Plant 


Air conditioning was installed here for the primary 
consideration of space saving requirements. The 
Hudson company has one of the largest, if not the 
largest, privately owned transformer vaults in the 
state of Michigan and the ventilation of this vault 
had to be given special consideration and treatment 
due to space limitations for ventilation equipment 
and fresh air supply and exhaust risers. The com- 
mon method of ventilating such areas is to bring 
untreated or unconditioned outdoor air into the vault, 
allow it to circulate through the vault and finally 
discharge outdoors after it has absorbed as much of 
the heat losses as possible. The consulting engineers 
and architects demonstrated to the owners that, if 
air conditioning, combined with refrigeration and 
evaporative cooling were adopted, the equipment 
could be reduced approximately to one-third of that 
which would be required for ventilation alone. 

This equipment is designed and guaranteed to 
maintain less than 100 degrees in the vault, which is 
always below the specified limited surrounding tem- 
perature of 104 deg. fahr. at which point the trans- 
formers begin to decrease in efficiency. The supply 
system has a capacity of 20,000 cu. ft. of air per 
minute while the exhaust system is rated at 24,000 
cu. ft. per min. 

The supply system consists of fan, dehumidifier, 
filter and preheater, but no reheater, as no attempt 
is made to control any definite temperature in the 
vault other than to keep it below 100 deg. fahr. The 
outdoor air is drawn in from the street level, is 
filtered, washed and cooled in the spray chamber 
and is then delivered through a specially designed 
duct system, the outlets of which are arranged so as 
to direct the air against each transformer in order to 
obtain the maximum cooling effect of the air where 
desired. The supply duct in the vault is built upon 
the floor and discharges the air at the floor line while 
the exhaust is removed through fiber grilles in the 
ceiling. 

The automatic control on this unit is a very simple 
one and is designed to effect all of the operating 
economy possible as regards the saving of refrigera- 
tion load. It consists of a graduated-action ther- 
mostat placed in the exhaust duct which operates a 
pneumatic pressure switch. This switch in turn 
controls the starting and stopping of the motor driv- 
ing the pump supplying refrigerated water and also 
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a three-way diaphragm valve on the suction of the 
spray water pump. Normally, all of the cooling re- 
quired is obtained by evaporative cooling and refrig- 
eration is not required. Under these conditions the 
spray water pump recirculates the water from the 
tank of the spray chamber, through the sprays and 
cools the air passing through the dehumidifier to its 
entering wet bulb temperature. The operation con- 
tinues in this manner until the temperature in the 
exhaust duct reaches 95 degrees, at which point the 
thermostat in the exhaust duct starts up the refrig- 
erated water pump, which delivers cold water to the 
three-way valve on the suction of the spray pump. 
This valve admits only the necessary amount of cold 
water to the sprays in order to keep the exhaust 
temperature at 95 degrees. As a safety device there 
is also an electrical thermostat in the vault which 
rings an alarm bell in the engineer’s office in case the 
temperature should ever reach 100. 


Dining Room Air Conditioning 


The entire thirteenth floor of the Hudson store is 
devoted to public dining rooms, which are air condi- 
tioned from a plant designed for these rooms and 
which is entirely independent from any other air 
conditioning system in the building. This area is 
divided into three separate and distinct dining 
groups; the Early American Group, which is sub- 
divided into three rooms, each of which has an indi- 
vidual architectural treatment, but all are connected by 
open archways; the Cosmopolitan group, which con- 
sists of one large room and a number of small indi- 
vidual private dining rooms, at either ena of the 
large room; and the men’s grill.which, as is denoted 
by the name, is treated architecturally and furnished 
in an appropriate fashion. Dividing this off into 
groups of dining areas and further subdividing it 
complicated the air conditioning design, since each 
one of these areas had to be treated so that it could 
be operated independently and made to respond im- 
mediately to meet wide variations in occupancy. 

The air conditioning apparatus was placed in a 
pent house on the roof of the old Woodward avenue 
building and was located on a level slightly below 
the fourteenth floor of the new building. In this 
pent house were located all the fans, preheaters, 
washers, air filters, reheaters, etc. The refrigeration 
unit, for cooling the spray water in this system, was 
placed in a machinery room on the eighteenth floor 
level. It is also of the centrifugal type and has a 
refrigeration capacity of 200 tons and weighs 40,000 
Ib. It is driven by a 250 hp., 1800 r.p.m., variable 
speed, slip ring motor wound for 220 volts, 3 phase, 
60 cycle current. The air conditioning plant has a 
total capacity of 62,000 c.f.m., outdoor air. 
designed that only outdoor air can be taken through 
the dehumidifier, though the supply fans can take a 
certain amount of recirculated air which by-passes 
the dehumidifier, but is independently filtered and 
treated with ozone, the latter for the purpose of 
eliminating food odors. 

The arrangement of the apparatus is slightly dif 
ferent from that conditioning the sales areas in that 
there is only one common dehumidifier from which 
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three individual supply fans draw conditioned air for 
the respective dining areas. Space limitations re- 
quired the use of only one dehumidifier while the 
use of three supply fans gave greater flexibility and 
ease of operation in maintaining the three dining 
groups at the proper temperature and humidity. It 
was considered that there may be times when only 
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any one, or possibly two, of the main groups would 
be required and at that time the proper fans could be 
shut down. When the variable occupancy of each 
area is considered as to its effect upon the air con- 
(dlitioning requirements, the use of three fans seems 
highly justified even though space limitations re- 
quired the use of one dehumidifier. 

To simplify further the ease and operation of con- 
trol, the supply ductwork for both the Early Ameri- 
can dining rooms and the Cosmopolitan group is 
divided into main supply headers for the different 
rooms. These rooms are under automatic control 
from a room thermostat controlling a volume damper 
in the supply duct. The dehumidifier has its usual 
dewpoint control, while a thermostat in the recirculating 
duct functions in the same manner as on the units in the 
sales areas. The ductwork is run in false ceilings 
above the dining rooms. The supply air is delivered 
through specially designed ceiling diffusers which 
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harmonize with the architectural treatment and are 
so disguised that the layman would not know the 
point of air delivery. The exhaust and recirculated 
air is removed at the floor line through unobtrusive 
grilles in the walls around the dining rooms. The 
exhaust air in this case is delivered to the kitchens as 
part of the kitchen supply while the recirculated air 
is drawn back to the air conditioning units to be 
used again in order to temper the supply air. 


Kitchen Ventilation 


There are two large kitchens in connection with 
these dining rooms which, while not air conditioned 
in the strictest terms, required special consideration 
in the heating and ventilating equipment. One of the 
kitchens is designed primarily to serve the Early 
American group of dining rooms while the other is 
designed to serve both the men’s grille and the Cos- 
mopolitan group of dining rooms. There is, in addi- 
tion to the supply air already mentioned as being 
exhausted from the dining rooms into the kitchens 
both directly and indirectly, a large fan which draws 
air from outdoors, through filters and tempering sur- 
faces and thence delivers it through special drop 
outlets in the ceiling of the kitchens. The total 
supply to both kitchens is 70,000 c.f.m. producing a 
two-minute air change. For winter time operation 
there is a thermostat in the fan discharge controlling 
the diaphragm valve on the tempering heater. It 
was found, in actual operation, that if this thermostat 
were set at 60 degrees it produced comfortable con- 
ditions in the kitchen. The supply fan was located 
on the fifteenth floor level. 

The exhaust fan, which is located on the 
teenth floor and discharges its air out through grilled 
windows on the eighteenth floor, has a capacity of 
90,000 c.f.m. This gives slightly less than a two- 
minute air change in the kitchens and, since it has a 
greater capacity than the total supply, produces a 
negative pressure in the kitchen which prevents any 
cooking odors from getting out into the dining rooms, 
To nullify any odors which may be discharged out- 
doors through the exhaust and perhaps re-enter the 
building through an open window, a high concen- 
tration ozone machine was installed to kill such 
odors as they were generated, before being dis- 
charged outdoors through the exhaust. About 90 
per cent of the exhaust air is withdrawn from the 
kitchen through hoods over the ranges, steam tables, 
dishwashers, etc. All of the exhaust duct was con- 
structed of 14-gage, black iron and insulated with 
2 in. of fire felt insulation. 


seven- 





Insulation of Cold Water Pipe 


Dripping of power plant piping caused by sweating is 
being given more attention. It may be taken care of by 
using anti-sweat insulation, which is made in sev- 
eral forms. One of these is made in two layers of 
insulating felts with waterproof felt applied next to 
the pipe between the two layers of felt insulation, 
applied with staggered joints, and on the outside of 
the insulation. 











Piping for Economy and Service 


By B. M. Conaty 


hundreds of smaller ones, have problems in plant 

operation or maintenance involving the use of 
steam, water, oil or other gases or liquids. In a great 
number of these cases, large economies may be effected 
through the use of piping systems if specially designed 
to meet the requirements. 


Pirsssreds of sm every large industrial plant, and 


The problem may be one of steam utilization for heat- 
ing and power purposes. Frequently we see large in- 
dustrial plants which have grown up spasmodically with 
little opportunity for intelligent planning of plant exten- 
sions, and economical arrangement for steam generation 
and distribution. One frequently sees such plants with 
two, three or even more boiler plants within a radius of 
a few hundred or a few thousand feet. The tendency 
today is to concentrate all steam generation at one mod- 
ern plant, or to utilize the full capacity of one of the 
existing plants, adding such boiler capacity as may be 
necessary to replace all of the other separate boiler 
plants. The steam requirements of each individual 
building, then, are supplied from the central station 
through specially designed underground or aerial high 
pressure steam transmission lines, and tremendous econ- 
omies are thereby secured. 

The story of the major piping installation completed 
within the past year by the Shawinigan Chemicals, 
Limited, of Shawinigan Falls, Quebec, is of particular 
interest. In addition to its carbide manufacturing 


plant, this company has an acid plant, both located 
on the banks of the St. Maurice River. 


The two plants 





are approximately 3500 ft. apart and were originally op- 
erated quite independently. 

With every outlook indicating a considerable increase 
in demand for its products, the company planned a con- 
siderable plant extension program for both the carbide 
and chemical division during 1928. In connection with 
the new lime kilns for the carbide plant, waste heat 
boilers were installed to generate steam at 175 lb. pres- 
sure and 100 deg. superheat. There was a need for this 
steam for process work in the chemical plant. The 
problem was to transmit the steam approximately 3,500 
feet with minimum line loss and pressure drop. The en- 
gineers decided on an 8-in. high pressure welded line. 

Extra strong steel pipe was selected so that consider- 
ably higher pressures might be employed later should this 
be desirable, at any time, to increase the carrying capac- 
ity of the line. By reason of the unusual local condi- 
tions rendering the adequate anchorage of expansion 
joints extremely difficult, line expansion was accommo- 
dated by the use of special pipe loops. The entire line 
was insulated by the application of 3-in. thick 85 per cent 
magnesia sectional covering ‘surrounded with a 1-in. 
layer of hair felt. The insulation was then protected 
with a heavy waterproof roofing jacket. The jacket was 
held firmly in place by means of copper weld wire ties 
closely spaced and all joints were carefully sealed to 
make them waterproof. 

The installation started at the boilers, the line was 
carried through the roof trusses and entire length of the 
kiln building, thence on steel bridges and bents to the 
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carbide grinding building, along one wall of this build- 
ing on steel brackets and trusses, over the gable roof of 
one intervening building and two 35-foot gaps to the 
roof of the can plant. From this point, the line con- 
tinued over this building and thence on three steel 
bridges across the Canadian Pacific railroad tracks. 
From this point down 
to the acid plant, a 
distance of about 
3,000 feet, the line is 
carried on concrete 
piers or posts 
provided with cast 
iron roller chairs. The 
balance of the line 
within the acid plant 
is again above ground, carried on steel pipe columns and 
rollers to the various plant buildings where connections 
to equipment are made. 

One interesting feature of this installation is the fact 
that the only fabricated material shipped to the job were 
the steel bridges crossing the Canadian Pacific tracks 
and the straight lengths of pipe. All other steel struc- 
tures, supports, etc., were produced on the ground by 
means of welding, bending, etc. The expansion loops 


steel 
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and changes in direction comprising seventy, long radius, 

extra heavy pipe bends of various degrees were all made 

on the job to fit the conditions encountered. The entire 

installation was carried out in the course of the severest 
winter weather. 

This installation was subjected to extremely 
severe tests before its 
acceptance, the first 
test consisting of a 
1,000 - pound =hydro- 
static pressure with 
the impact test applied 
at each weld simulta- 
neously. The steam 
test consisted of turn- 
ing the boiler pressure 
into the line suddenly by opening the valve at the boiler 
header just as fast as a man could do so, This occurred 
when the surrounding temperature was in the neighbor- 
hood of 40 degrees below zero. 

The tests above described developed no defects of any 
description and steam has not been off this installation 
since it was put into service during the early part of 
1929. An important phase of plant modernization is 
piping for greater economies. 





Air Conditioning for Diseases 


By Charles Bryne 


SEARCH of the medical literature, with a view of 
learning the proper climatic conditions needed 
to fight disease, is a discouraging venture. Not 

that the literature is scant on the subject. In fact it is 
too full of conclusions arrived at by review of only a few 
cases or by results undoubtedly controlled by many 
variables outside of those noted. Furthermore, the in- 
terest which some doctors have had in the treatment of 
certain diseases in a particular region has tended to cloud 
the true issues. As a result, one will find much conflict 
in the opinions given. For an example, patients with 
laryngeal tuberculosis are advised to go to mild damp 
climates, to dry sunny climates and sometimes to the 
mountains. 

An outstanding conclusion, which has stood the test 
of experience for many years on the part of the medical 
profession, is the discovery, by Dr. Loewy, that there is 
a marked increase in blood pressure as the elevation above 
sea level increases and that this high blood pressure can 
be relieved by the respiratory administration of oxygen. 
This statement does not mean that the medical pro- 
fession, as a whole, accepts in full these two conclusions, 
but that modern practice is swinging more and more to 
these views. In more recent years, Dr. Huggard has 
gone further than Dr. Loewy. He has shown that the 
red cells of the blood increase as the altitude increases. 
The reason for this peculiar adjustment, which also re- 
verses its action as altitude decreases, appears to be an 
effort of nature to maintain the supply of oxygen in 


the lungs. Thus, changes in the partial pressure of 


oxygen in the outside atmosphere, which would vary the 
oxygen inhaled, are compensated. 

One of the earliest medical investigators to appreciate 
the separate and combined effects of air motion, dry bulb 
temperature and relative humidity on the human body 
was Dr. Leonard Hill. He concluded that the higher 
cooling power of outside air increase the metabolism 
during exposure and raises the basal metabolism to a 
higher level. For the benefit of the engineer, who can 
not be expected to understand the language of the medical 
profession, the definition for metabolism is given. It is 
“the sum of the processes concerned in the building up 
of protoplasm and its destruction or the chemical changes, 
in living cells, by which energy is provided for the vital 
processes and activities and new material is assimilated 
to repair waste.” 

As early as 1920, Dr. Egbert Morland saw the prac- 
tical application of the research carried on by Dr. Hill. 
He decided that “personal climate,” or the climate within 
one’s clothes, was more vital than outside climate, that 
damp air was not damp to dry-clothed people who had 
warm skins, that the skin is the agent through which the 
greater part of the effect of climate is transmitted to the 
organisms and that personal climate, as far as the lungs 
are concerned, begins at the back of the nose. Here is 
the basis through which the true relations between 
various diseases and their treatment by artificial weather. 
or air conditioning, can be uncovered. Dr. Morland 
pointed out that a layer of air, in contact with the 
warm skin, has its relative moisture reduced to a very low 
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point if the skin is dry, that the skin must have a stimulat- 
ing environment, that such environment could be sup- 
plied by properly controlled air motion and radiant heat, 
that pigmented skin deals more safely and easily with 
all manner of climatic influences anc that pigmentation 
of the skin could be obtained even in the diffused light 
of a clouded sky where wind or rain are present. 

If air conditioning has any value in the treatment of 
disease, this information should give a foundation on 
which to build. To attempt to apply the medical con- 
clusions outlined above, in a practical manner, is the 
purpose of this paper. 

In order that radiant heat may be used to the best 
advantage, it is the opinion of the writer that hospitals 
should be provided, in connection with air conditioning 
plants or otherwise, with radiators which are efficient in 
delivering radiant heat. Such radiators, for gravity 
service, may be found in steam pipes coiled into radiators, 
cast iron radiators of the smaller types, single column 
cast iron radiators, wall type cast iron radiators and the 
newer fin radiators made of sheet metal. This list is not 
complete nor is it arranged in the order of efficiency. As 
the various forms or types of fan blast radiators on the 
market are efficient in the delivery of convected heat, it 
would seem to the writer that the best heating arrange- 
ment would be radiant heat delivered from gravity types 
of equipment reinforced by warmed air delivered from 
blast radiators, as part of the air conditioning equip- 
ment, circulated from the ducts at low velocities around 
100 to 200 F.P.M. With the newer type of gravity fin 
radiation, used in a gravity system alone, the temperature 
differences between floor and ceiling will be very small, 
room heights can be lowered and fuel costs reduced. 

It is apparent, also, that patients with lung, nose or 
throat diseases require a higher effective temperature 
(that temperature which ‘ctermines the personal degree 
of comfort for each particular human being under vari- 
ous conditions of dry bulb temperature, relative humidity 
and air motion) for comfort than those who are not thus 
afflicted. It also appears evident that the value of air 
conditioning must be very great for diseases of this char- 
acter from a dust elimination standpoint alone. 

Treatment of some forms of pneumonia, and possibly 
other forms of lung diseases, with oxygen administration 
through the nose or mouth has come into considerable 
use in hospital practice. One great disadvantage has 
been the fact that this form of administration has been 
very painful and is somewhat expensive. Where the 
room is conditioned, oxygen can be introduced into the 
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air in sufficient quantities to obtain the same effect and 
the patient will never know that the treatment has 
been given. Furthermore, the cost per patient for this 
form of treatment is lowered. 

Air conditioning equipment installed in any hospital 
should be flexible enough to provide varying degrees of 
air pressure as well as a fairly wide range of effective 
temperatures, dry bulb temperatures and relative humid- 
ities. The oxygen treatment outlined above avoids the 
need for a variation of air pressure in the treatment of 
lung, throat and nose diseases but asthma, as an example, 
can be relieved by adjustment of the air pressure. 

The relative humidity most suitable is likely to de- 
pend upon the disease and also upon the effective tem- 
perature required. It appears evident that a variation of 
from 10 to 20 per cent may be satisfactory in many cases. 
The pleural effusions of pneumonia, which increase the 
body discomfort and raise the body temperatures to the 
fever point, can be relieved by a relative humidity of from 
15 to 25 per cent. Coughing also requires the same treat- 
ment by a low humidity. Like the effective temperature 
factor, the relative humidity factor needs considerable 
study and experiment on the part of the hospitals. 
Furthermore, there is a technique in the measurement of 
relative humidity, or relative vapor pressure, which needs 
to be understood to avoid errors in observations and to 
put data on a reliable basis. This art will be found in 
detail on pages 394-395 of the September HeEatino, 
PIPING AND AIR CONDITIONING. 

Where the heart is laboring, the kidneys are not func- 
tioning properly or the digestion is feeble, every addi- 
tional strain, due to an imperfect climate or other dis- 
comfort, renders a cure less possible. It is not unreason- 
able, therefore, to see in air conditioning a solution to 
many hospital problems. The skin can be put in a more 
healthy condition by radiant heat, the metabolism can be 
greatly improved, the many discomforts and difficulties 
incident to different diseases can be eliminated, fever can 
be effectively reduced and moisture effusions can be 
rapidly removed. Not only should air conditioning give 
a larger percentage of cures, but the usual time to effect 
a cure should be reduced with the use of such equipment. 

The cost of air conditioning in hospitals is not likely to 
be high. This, like many other cost problems, depends 
greatly on the type of equipment selected and on the 
accessories provided. No cut and dried figures would 
mean much until the decision was made as to the spaces 
which were to be conditioned and as to the flexibility of 
the equipment desired. 








Temperature and Humidity Control 
of an Oxygen Chamber 





By John B. Hashagen 


long been recognized in the treatment of pneu- 

monia, respiratory and heart afflictions. There are 
several ways of administering oxygen to the patient but 
the two most commonly employed are the oxygen tent 
and the oxygen chamber methods. 

When the oxygen tent is used, the head and chest of 
the patient is enclosed in a rather large tent of trans- 
parent and air tight material into which oxygen is in- 
troduced. This method, however, does not provide so 
great a degree of comfort for the patient as may be 
secured by the use of the oxygen chamber. 

To secure the best results, it is essential that the 
patient have the proper amount of oxygen and be kept 
in an atmosphere which is maintained at the proper 


Tien use of oxygen as a stimulant and aid has 


chamber are small glass windows through which electric 
light is supplied when required. Suspended a few inches 
below the ceiling, and midway between the end walls, is 
a roll curtain which extends the entire width of the 
chamber and which may be utilized to divide the chamber 
into two individual rooms. 


Brine Coils 


Evenly distributed over one end wall inside the 
chamber are brine coils of about 900 linear feet of 1-in. 
brass pipe, a few inches in front of which is a sheet- 
metal baffle extending from side wall to side wall and to 
within 6 in. of the ceiling and 12 in. of the floor. 

Underneath the coil is a V-shaped trough in which 
all water drippings from the brine coils are collected and 
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OxyGEN CHAMBER AT THE COLUMBIA PRESBYTERIAN HospiTaAL IN NEw YorkK City. A 

INDICATES THE HumMipostatT; B, THE THERMOSTAT; C, CURTAIN TO SEPARATE CHAMBER; 

D, Cemine Licut; £, Buzzer ror Nurse; G, INLETS For OxYGEN AND FOR CO, anp O, 
TESTS 


temperature and humidity, all in correct diffusion and 
circulation. After many years of experiment and re- 
search work the conditions have been met by Dr. Alvan 
L. Barach, a specialist in the treatment of these cases, 
who has devised the oxygen chamber now in use in the 
Columbia Presbyterian Hospital, New York City. 


Features of the Oxygen Chamber 

The entire chamber is constructed of aluminum plates, 
the floor being inlaid with magnesite, and despite win- 
dows, doors, etc., is air tight. It is transportable and 
can be set up in a large room in a hospital, its dimen- 
sions being approximately 15 ft. long, 10 ft. wide and 
8 ft. high, large enough to accommodate two beds. In the 
center of the ceiling and over each of the two beds in the 
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conveyed outside the chamber through a water-sealed 
pipe. 

Brass screen trays filled with soda-lime are also placed 
beneath the coils and under the trough to absorb carbon 
dioxide. 


Heating 


On the opposite end wall of the chamber two small 
heating sections are placed near the floor and shielded 
by metal radiator covers with grille work on the bottom 
for entry of chilled air and on top to aid in giving 
directional flow to the heated air. 

In this wall there is a curtained window. To the right 
of this window is a speaking tube, while to the left and 
near the top of the wall are several pet cock inlets for 
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“COs and Os tests and for the admission of 
oxygen from the storage tanks outside the 
chamber. 

The rear wall has two curtained windows 
evenly spaced. Between these windows and 
about 5 ft. 6-in. above the floor are a pneumatic 
room-type humidostat and thermostat. 

The front wall has, at the left, a small win- 
dow underneath which is located a trap door 
large enough to admit linen which may be 
passed through from outside the chamber. Then 
come two doors, the left one being slightly 
larger than the right in order to permit a bed 
to be wheeled through. The door on the right 
is for the use of physicians and nurses. On 
the right is another window located in a posi- 
tion corresponding to the window on the left 
and having a similar trap door to admit food. 

Inside this wall and immediately in front of each of 
the two large and two small doors are suspended white 
rubber curtains which aid in preventing escape of oxygen 
from the chamber when the doors are opened. 

The operation of the chamber is comparatively simple 
but is productive of highly beneficial results. 

The thermostat and humidostat heretofore mentioned 
accurately control and determine the temperature and 
humidity in the chamber. 


Temperature and Humidity Control 


The thermostat operates a diaphragm valve outside 
the chamber in the steam supply line leading to the heat- 
ing units placed along the wall opposite the brine coils, 
and has a range of 50 F. 

The humidostat operates a diaphragm valve also out- 
side the chamber in the brine supply line and regulates 
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the amount of brine flowing through the coils, thereby 
fixing the amount of moisture condensing on the coils. 
No mechanical methods are employed to raise the moist- 
ure content of the air. The only moisture available is 
that given off by the chamber occupants. 


Maintaining Proper Conditions 


The thermostat and humidostat settings are made as 
directed by the physician from time to time. 

The oxygen content of the chamber is increased by 
opening the pet cocks above referred to until the desired 
concentration level, usually between 40 and 60 per cent, 
is obtained. 

The air in this chamber is kept in motion only through 


Heating -Piping 
and Air Conditioning 








A View oF THE OxyYGEN CHAMBER SHOWING BarFFLE (4), Hu™MIDOSTAT 
(B), anv THERMosTAT (C) 


the cooling effect produced by the brine coils at one end 
of the chamber and the heating units at the base of the 
other end. The air coming into contact with the brine 
coils is chilled and deprived of its moisture, falls directly 
to the floor and passes to the heating units where it is 
drawn through the grille at the bottom and is heated. 
It then passes up to, and along, the ceiling over to the 
brine coils where the circulation process is repeated. Air 
velocity tests were made using a kata thermometer and 
showed a velocity of 35 ft. per min., 1 ft. from the floor 
at the brine-coil end, while at other points in the chamber 
the air had a velocity of from 15 to 20 ft. per min 

Good diffusion and circulation are obtained within the 
chamber as the table of tests below indicates. 


ATMOSPHERIC CONDITIONS IN CHAMBER WITH THERMOSTAT SET 
at 76 F anp Humipostat at Dry 


























Brine Srmam 
Enp | Center| Enp 
Dry bulb temperature......... 79 76 78 
Ceiling Wet bulb temperature........... 57 55 57 
Relative humidity, per cent ..... 22 22 24 
4 ft. 6 in. Dry bulb temperature.......... 77 75 74 
from Wet bulb temperature........... 56 55 55 
floor Relative humidity, per cent..... 23 24 26 
Drv bulb temperature.......... 61 57 57 
Floor Wet bulb temperature.......... 48 45 44 
Relative humidity, per cent...... 35 | 35 | 31 





Results secured by the use of this oxygen chamber 
in the treatment of pneumonia patients have been so 
gratifying that many hospitals throughout the country 
adopted and installed the chamber as a necessary ad- 
junct. 





The Effect of Moisture Content on Yarns 

The tensile strength of yarns is quite dependent upon 
the moisture content. The relative humidity and tem- 
perature of the test room, during a test, should be 65 per 
cent and 66-70 F. For the practical comparison of yarn 
strengths, the temperature and moisture conditions should 
be constant in the testing room. This can be obtained 
if the samples are exposed for 24 hours in the room. 











Drying Problems in the Manufacture 
of ‘Telephone Cable 


By Malcolm Tomlinson 


drying of lead-covered telephone cable may well 

be introduced, for the sake of clarity, with a brief 
survey of those fundamentals which underlie all dry- 
ing problems. Drying is concerned with the deposition 
of moisture, decomposition of water, chemical precipita- 
tion, absorption, adsorption, mechanical separation, dif- 
fusion and evap- 
oration. The last 
two methods 
may be brought 
under one head 
— vaporization. 
In all of these 
methods, drying 
is also concerned 
with equilibrium. 

In his well known statement of the laws governing 
equilibrium, Willard Gibbs starts by regarding a system 
as possessing three variables—pressure, temperature and 
concentration or solubility. He then goes on to show 
that all systems in true equilibrium may be composed of 
solid, liquid and vapor phases. When changes occur in 
temperature, pressure or concentration, the physical char- 
acteristics and phase relations of any system are varied. 
As an example, at 19.5 deg. fahr., silver nitrate has a 
solubility of 46.2 parts of dry salt in 100 parts of solu- 
tion, but at 359.5 deg. its solubility has reached 96.9. 
Again, under atmospheric pressure, water boils at 212 
deg. while under an absolute pressure of % Ib. per sq. 
in., its boiling point has been depressed to approximately 
84 deg. 

Although at present most drying work is conducted 
under atmospheric pressure it is evident that, since 
changes in physical characteristics and phase relations 
can be brought about by variation of pressure, the effect 
of such variation should be studied in any drying prob- 
lem. This involves consideration of the effects of pres- 
sures below atmospheric (or vacuum), atmospheric pres- 
sure, and pressures above atmospheric. It also follows 
that the use of vacuum or of pressures above atmospheric 
offer, in combination with changes in temperature and 
concentration, more variations than can be obtained if 
the pressure is held constant, or practically constant, 
as when atmospheric pressure is employed. 

The use of vacuum drying has been developed greatly 
in recent years due to the fact that the color and the 
delicate physical structure of many materials, which are 
seriously affected at 212 deg. fahr., are not harmed if the 
boiling point of water can be sufficiently depressed. 
Recently, in the paper industry, considerable commercial 
success has been secured by using pressures above 
atmospheric in the beater rooms, but it is probable that 


\ NY discussion of the problems connected with the 


Lead-covered telephone cable drying should be of interest, because 

it not only involves both the atmospheric and the vacuum methods 

of drying, but also new and unique methods for holding at a mini- 
mum the regain of moisture in dried cable cores. 


this method of drying has had very little consideration 
in other fields where it appears suitable. 

Lead-covered telephone cable drying should be of in- 
terest because it not only involves both the atmospheric 
and the vacuum methods of drying but also new and 
unique methods for holding at a minimum the regain of 
moisture in dried cable cores. 


Extent of the 
Lead - Covered 
Cable Industry 


In considering 
any problems in- 
volved in the 
manufacture of 
lead-covered tel- 
phone cable it is interesting to keep in mind the magni- 
tude of the product handled and the rate of increase by 
which this volume has been attained. 

In 1901 the Western Electric Co. used 2,131,000,000 
feet of wire in the manufacture of telephone cable. By 
1910 this had increased to 7,706,000,000 and in 1917 to 
13,432,000,000. In 1925 it had increased to 36,000,000,- 
000 and in 1929 to 49,000,000,000 feet. In drying this 
amount of cable, over 600 tons of water were removed. 

A study of the problem of drying paper-insulated, lead- 
covered cable makes it necessary to consider many fac- 
tors other than simply the removal of moisture from the 
paper insulation. The reason for this is that, so far, no 
commercial means have been developed for determining 
the quantity of moisture remaining in the paper after 
the telephone cable has been dried. The efficiency of 
the drying operation is still determined by the electrical 
characteristics of the finished cable. These characteristics 
are affected by at least twenty-five other conditions which 
are all variable. Thus, the effect of a single variable 
condition is extremely hard to determine. An investiga- 
tion of this kind requires that a large number of cables 
must be tested. In running a series of tests, to obtain 
the effect on the finished product of varying a given 
condition, all of the other variables must be held as 
nearly constant as possible and a sufficient number of 
tests must be run so that the uncontrolled variations in 
any of the processes not under consideration will be aver- 
aged out of the final results. 


Two Types of Telephone Cable 


There are two general types of paper-insulated, lead- 
covered telephone cable. One is the subscriber’s loop 
cable used to connect the subscriber’s telephone to the 
central exchange and also to connect. local exchanges 
The other is the long distance or toll cable used in con- 
necting towns or exchanges that are some distance apart. 
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At present it is possible to telephone from Boston to 
Chicago entirely over circuits incorporated in lead- 
covered telephone cable. 

As the equipment for drying telephone cable is of the 
most modern design and arrangement, it would be inter- 
esting for any drying or air conditioning engineer to 
visit such installations. While only loop cable is manu- 


factured in some plants the processes involved in the: 


manufacture of toll cable are, in general, similar, except 
that greater care is used in the co-ordination of the 





A SHEATHING MACHINE USED IN MAKING CABLE 


circuits and that the drying equipment for toll cable 
is more elaborate in order to obtain special results. 


Two Processes in Drying Loop Cable 


The general processes involved in the manufacture of 
loop cable are as follows: 

The bare copper wire is insulated by wrapping with 
a paper ribbon. The width and thickness of this paper 
ribbon vary depending upon the type of conductor and 
the characteristics desired in the finished cable. Two 
conductors are twisted together to form a single telephone 
circuit. A number of twisted pairs of wires are stranded 
together to form the cable core. The number of pairs 
placed in a single core may vary from 6 to 2,424. The 
stranded cores are fed on special trucks from the strand- 
ing machine and, after being tested for mechanical de- 
fects in the circuits and repaired, are dried and then 
covered with a lead sheath. When the’cable is cool, 
following the lead covering operation, it is given the final 
electrical tests and is then ready to be crated for ship- 
ment. 


Factors Affecting Electrical Characteristics 


The variable items in the construction of telephone 
cable, which directly affect the electrical characteristics 
of the cable, in general are the character of the insulating 
paper, the tightness with which the paper has been ap- 
plied to the wire, the tightness with which the wires are 
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twisted together and the tightness with which the pairs 
are stranded into the cable core, the efficiency of the 
drying equipment and the tightness of the lead sheath 
on the cable core. Some of these variables can, to some 
extent, be controlled in the manufacturing processes 
while others cannot. Some are a question of raw mate- 
rial, some are dependent wholly or partially upon atmos- 
pheric conditions and others are dependent upon the skill 
of the operators and on the machine adjustments. 

There are numerous variables directly affecting the 
rate of drying of cable cores which roughly may be 
grouped under three headings; raw materials, construc- 
tion of the cable core and efficiency of the drying equip- 
ment. 

Variation in raw materials used in the manufacture 
of the insulating paper will affect its physical properties. 
The density of the paper, its variation in thickness and 
stiffness resulting from changes in the calendaring proc- 
ess and the arrangement of the fibers in the paper, all 
affect its characteristics and vary its response to any dry- 
ing process. The effect of varying these relations may 
be seen in papers published by Hertzberg, Veitch and 
Reed, Kress and Silverstein and by Houston, Carson 
and Kirkwood. 

The amount of air space, also the amount of copper in 
the cable as well as the tightness and regularity with 
which the paper wrap is applied to the copper conductors, 
have a marked influence upon the characteristics of the 
finished cable and upon the rate of drying (the rate at 
which the moisture in the irisulating paper can be ex- 
pelled). The humidity at the time of insulating, twist- 
ing and stranding greatly affects the above operations as 
the higher the relative humidity the greater is the tend- 
ency of the paper to wrap tightly on the wire. Also, 
the higher the relative humidity, the greater the tendency 
of the wires to lie close together in the twisting and 
stranding operations. The tension on the wires during 
these operations also influences the tightness of the cable 
core. The tension applied to the supply reel is con- 
trolled on the machines performing these operations. 


Factors that Influence Rate of Drying 


The rate of drying is influenced not only by the con- 
dition of the paper, the tightness with which it is applied 
to the conductors, and the tightness of the cable core, 
but also by the amount of cable on the trucks, the ab- 
solute pressure in the vacuum driers, the temperatures in 
the vacuum driers and the moisture in the insulating 
paper at the time the cable is placed in the vacuum driers. 

The dryness of the cable core, when lead-covered, de- 
pends upon its dryness at the end of the drying period, 
the regain in moisture while the cable is still in the drier 
due to the introduction of moisture in the air used to 
break the vacuum and the regain of moisture during the 
period in the storage oven after drying and before lead 
covering. In connection with the latter variable, regain, 
the paper by Kress and McNaughten on the “Regain 
of Papers at Different Humidities” contains useful in- 
formation. The moisture content of the paper insulation 
at the time of making the final electrical tests is deter- 
mined by the dryness of the core at the time of lead 
covering and the adsorption of moisture in the ends of 
the cable during the testing operation. The influence of 
this latter item is controlled by variations in the prepara- 
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tion of the ends of the cable for testing and the relative 
humidity in the room during testing operations. 

The foregoing points give an idea of the variable 
conditions with which it is necessary to deal in deter- 
mining the most economical cycle for the drying process. 


The Drying Equipment 


The equipment usually consists of cylindrical driers of 
the horizontal type (although vertical driers are used in 
some plants), surface condensers with connected re- 
ceivers and reciprocating types of dry vacuum pumps, 
reinforced with steam jet pumps where very low absolute 
pressures are desired. The vacuum driers are heated by 
steam coils placed longitudinally in the driers. The ends 
of the driers are closed with doors which are equipped 
with lifting devices so that the door may be raised and 
swung into the open or closed position. Some driers are 
equipped with a secondary outlet, in addition to the one 
for the vacuum connections, in order that circulation of 
air may be had during the heating-up period prior to 
the vacuum period. Where low humidities are used in 
the storage oven, the individual driers are connected by 
a small pipe to the oven so that a minimum of moisture 
will be introduced when the vacuum is broken. The con- 
densing and pump equipment is cross-connected to the 
two mains, one to raise and one to hold the vacuum, 
and the driers are each connected, through a single 
vacuum outlet, to both mains. This type of layout re- 
quires many valves but is most flexible. 


The storage oven is usually located close to the vacuum 
driers. Here the cable cores are held until they can be 
covered by the adjoining lead presses and, as this storage 
period lasts from 15 minutes to 24 hours, every effort 
must be made to maintain the condition of the cores as 
to moisture content so that regain can be kept at a min- 
imum. This condition usually involves low humidities 
around 10 per cent with air temperatures of from 110 to 
120 deg. fahr. The vacuum driers sometimes extend 
into this oven for unloading purposes and the cable core 
is fed to the lead press through an opening in the wall. 


Dehumidification 


Dehumidification equipment used to condition such 
rooms consists of air washers, centrifugal or reciprocat- 
ing compressors using COs in the latter case or dielene 
in the former instance, condensers and evaporators. The 
air motion is slow, about 100 ft. per min., and the duct- 
work must be laid out so that the air is uniformly dis- 
tributed. In order that adjustments may be maintained 
it is necessary to take readings of the relative humidity 
with some degree of accuracy with the aid of an aspirat- 
ing psychrometer of the indicating type. Automatic con- 
trols are needed to govern the admission of outside and 
room air to the washers. Recently improvements have 
made possible the use of chemical dehydration as an 
auxiliary to this refrigerating equipment. Brine is usually 
required in the air washers. In such cases the gaskets 
used should be of a high grade material which will not 
be affected by brine. Calcium chloride is an economical 
and satisfactory freezing agent for such purposes. It has 
the disadvantage of heavy entrainment in the air and will, 
due to this fact, gum up piping and “weep” at some 
joints. Sodium chloride is more corrosive to the metal 
in the washers and piping, does not entrain to an ap- 
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preciable extent but has a cyrohydric point which makes 
it objectionable for continuous operations where dew 
points are any lower than 35 deg. fahr. In other words, 
sodium chloride will solidify into a mass which re- 
sembles ice at a temperature around 17 deg. fahr. for con- 
centrations of sufficient strength for operation purposes. 
This does not furnish sufficient leeway below the dew- 
point and may cause shutdowns at undesirable times. 


The Drying Cycle 
The drying cycle on paper insulated telephone cable is 
about as follows: cable cores are placed insghe vacuum 
drier and the doors are closed and locked. Steam already 
has been turned on so that the-interior of the drier is 


quite warm. A so-called heating up period of from one 
to three hours is used prior to the-application of vacuum. 


2: 
Ln 


i | a 





GENERAL Divisor, Hortzontat Sipe oF A MopERN TELEPHONE 
SYSTEM 


The steam temperature is usually held at about 250 deg. 
fahr. although it is not good economy, as a rule, to use 
such high pressures needed to obtain this temperature. 
When the vacuum is applied the steam temperature drops 
and a higher pressure is needed, temporarily, to bring 
the temperature back to normal. It usually requires from 
5 to 15 minutes to obtain a vacuum of 1 Ib. per sq. in 
absolute. A similar period will be required to drop to a 
pressure of about % Ib. per sq. in. absolute with the 
steam jet pump. The time the cable cores are held under 
a vacuum will depend greatly upon the pressure main- 
tained, but for 1 Ib. per sq. in. absolute, this period is 
usually from 6 to 9 hours. Another factor which in- 
fluences the vacuum period required is the thickness of 
the cable core on the core truck. The average cycle be- 
tween the time the core enters the drier and the time it is 
sheathed is about 16 hours. 

The drying of toll cable by vacuum should be accom- 
plished at lower absolute pressures than are used for 
loop cable or for a longer vacuum period. 

In the storage oven, toll cable requires a relative 
humidity not higher than % per cent at temperatures 
from 120 to 130 deg. fahr. This condition, as well as 
the condition given for the storage of loop cable cores, 
will furnish an atmosphere which is somewhat warm but 
still comfortable. 














Heat Transfer Constants 


and 


Applications of Heat Transfer 


By W. R. Woolrich and L. Holdredge 


countered in heating and ventilating engineering. 

These are, (a) heat transmitted from the room or 
building to the outdoors through windows, walls, ceil- 
ings, floors and doors; (b) heat transmitted through or 
from the heating devices from the heating mediums to 
the rooms; (c) heat trans- 
mitted through insulation 
provided to decrease the 
heat transfer at points 
where heat is not required ; 
(d) heat transfer from 
the burning fuel to the 
heating medium; and (e) 
heat transfer from the 
heating mediums to proc- 
ess liquids and materials, 


Methods of Heat 
Transmission 


| MIVE general applications of heat transfer are en- 


Heat may be transmitted 
in three ways: Convec- 
tion, conduction and radi- 
ation. In any given case, 
two or even all three may 
be present. 

In convection, some 
medium is heated at the 
source of heat. Thus by 
convection, the Gulf 
stream carries heat from the Gulf of Mexico to western 
Europe. In the same way the water next to the bottom 
of a tea kettle is heated and rises to the surface. Cur- 
rents of air which flow from warm to cool places also 
carry heat. Convection occurs when a substance moves 
from one place to another of different temperature. 

Conduction is the movement of the heat along and 
within the body itself. Put the end of the poker in the 
fire and it becomes hot. The heat travels along the 
poker and the other end is warmed. This is conduction. 
If some other substance is brought into contact with a 
heated body this substance will be heated by conduction 
of heat from one body to the other. 

Radiation is the transfer of heat from the hot to the 
cold body without the heating of the intervening sub- 
stance. Radiation heat travels in straight lines and obeys 
the same laws as light. The sun warms the earth by 
radiated heat. In our heating systems, conduction and 
convection are always present with radiation. 


Fallacies and Variables in Heat Data 


Early heat transmission experiments proved conclu- 
sively the great value of dead air space. 


Unfortunately, 


In this article the authors have given con- 

stants which have been developed from 

the best available data given for the unit 

transfer rate, then recomputed for a 70- 

degree difference in temperature and re- 

arranged to be more usable to the engineer 
and contractor. 


A number of values have been changed 

by the writers when they discovered that 

these values were inconsistent. 

case, however, they have made use of such 

constants and have found them to work 

out consistently in their consulting engi- 
neering practice. 


The basic unit from which most of these 
values were derived was secured from the 
unit per degree value as given in the A. S. 
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great errors have been made by zealous advocates of 
some products, when such products gave evidence of 
enclosed air compartments, 

Dead air space is effective only when convection cur- 
rents are not present. With porous materials and poorly 
made joints, convection currents are ever present. ‘The 
chimney effect of the space 
sometimes aggravates or 
increases the activity of 
the convection currents to 
make the so-called “dead 
air space” a most active 
heat carrier. 

Experiments and expe- 
rience show that the most 
effective dead air 
are very small, thus reduc- 
ing the opportunity for air 
currents to exist. 

The variables most pro- 
nounced in heat transmis- 
sion data are those of ma- 
terials and construction 
methods, Thus, any table 
on the heat transfer rates 
through brick walls must 
necessarily contain an ap- 
preciable factor of ignor- 
ance, since the texture, 
mortar, joint, and course 
arrangement may vary greatly, and a variation of any 
one or all of these factors would appreciably affect the 
transfer rate of heat through the wall. Likewise, any 
other building material is subject to so many variations 
in construction methods employed that any tabulated 
data must be used with discretion. 


spaces 


In every 


The Heating Problem 


The problem of heating a building resolves itself, 
therefore, into (1) a determination of the heat require- 
ments for such room or building to care for heating the 
incoming air from outside temperatures to those re- 
quired within; (2) the calculation of the heat loss 
through the walls, ceilings, doors, windows and floors, 
which heat must be replaced by the heating system if 
any given temperature is to be maintained, and (3) a 
determination of what supplementary heating may be an- 
ticipated from auxiliary devices, equipment and animal 
life within the building. 


Heat Requirements for Incoming Air 


This factor requires some careful estimates. From 
the weight of a cu. ft. of air at normal room tempera- 
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tures, it is found that it takes .02 B.tu to raise the tem- 
perature of one cubic foot of air one degree F. One 
B.tu will raise 50 cu. ft. of air one degree F under 
average conditions. 

But the air changes per hour produced either by nat- 
ural convection or air infiltration, or by forced air cir- 
culation involve more indeterminate values. Table 1 
gives the average air changes per hour required for nat- 
ural infiltration or convection for different types of 
rooms and buildings. However, when forced circulation 
is contemplated, these values are usually much too low. 
Rooms are not air tight and cooler air will enter the 
room around the doors and windows. Additional air 
must be supplied for ventilation if many people are in 
the room. If the room is not continuously heated, heat 
must also be supplied to bring it up to the required 
temperature, 


There is sometimes a tendency for salesmen of forced 
circulation equipment to recommend a large number of 
air changes in order to sell larger fan and circulatory 
equipment. If the air is recirculated, which can be safely 
done when properly conditioned, the heating require- 
ments may be kept reasonably low. But an over-ven- 
tilated room using cold outside air for the fan supply 
can be a very expensive luxury. Industrial processes 
which involve dangerous or undesirable fumes and there- 
fore require these high rate changes for the protection 
of life and property are a notable exception to this state- 
ment. 


TABLE 1—Averace Ark CHANGES Per Hour FoR VENTILATION 








Arr CHANGES 

Kinp or Room or Buripine per Hour 
SES EO ee eo er oad 2a hah divadis Av ekdaneses bees 3 
SR Re le Re PE Pe 2 
NS cel it Ceo ty iene abuse Cwkawl 3 
Ss sive ckduaclcwseesbe-sxes Pian kekdedahen 1-14 
Is 54 26 6:5 gig yee Rae os <p A560 an 8 iene one 2 
SS Bees 2 SR ee es ins cohemen ee whale’ 1-2 
Dee Re RG ort Pe Sh Oi oe ng mle or diaie 2-3 
Factories on natural circulation...................... 1 
Factories on forced circulation...................00.ees00:- 2-15 
ee Te ee wenn wiedinibe'a delta 3-4 
CE i aa ee ee ee eg ee eT 6-10 





Problem: How much heat would be required to raise 
the temperature of two changes of 10 F air to a room 
temperature of 70 F, the room being 40 ft. by 80 ft. by 
10 ft.? 


Computation : 
Number of cubic feet in room will be 
40 x 80 x 10 = 32,000 

Since the air must be heated from 10 F to 70 F, the 
temperature increase will be 60 F. 

For two changes it will require then 2 32,000 or 
64,000 cu. ft. of air to be raised in temperature 60 F. 

It requires 1 B.tu to heat 50 cu. ft. of air one degree. 

60 


To raise one cubic foot 60 F will require — or 1.20 


50 


B.tu. 
To raise 64,000 cu. ft. of air 60 F will require 1.20 
< 64,000 or 76,800 B.tu. 


Answer. 
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Heat Requirements for Heat Transmission from 
Buildings 

If a room is at a higher temperature than its surround- 
ings, heat will flow from the warm room to the cooler 
surroundings. If the room is to be maintained at this 
higher temperature, heat must be supplied to replace that 
lost by conduction through, and radiation from, the walls, 
windows, doors, ceiling, floor, etc. 

The material out of which the walls, etc. are made 
enables us to calculate the amount of heat required to 
raise the temperature any given number of degrees, as- 
suming average values as given in Tables 3 to 12. 


TABLE 2—INsIvE TEMPERATURES FREQUENTLY REQUIRED 

















Kinp or Buripine Deorees F 
iD Saat, S000 2 foro to ead ik osama ke 70 
RR Ee tran Sore So, chi apne ranean ca eow 68 
BC Pe ee Cs hea ow agen tanbade MAeR Cie 67 
Schools.......... oats Sis CaM Wkna ae seets Pika aa bed wha ealeee 69 
ON ERESE SS op 2 Re eS EER ee ee pee Berar em 69 
RE TE TT eee ee ee 70-75 
ne airy ls aks es a cwe hag eb ibneneleed 60-85 
A Recher a et eS oe endl buiatad 75-85 
IIIS Ss oc he ty na eh tae 65 
Re ep errr re rer rere 60 





TasLe 3—Heat Loss THrouGH Brick WALLS 
Heat loss for exterior brick walls in B.tu per hour per square foot for 
0 F outside and 70 F inside with a wind velocity of 15 miles per hour. 
For northern and western exposure, add 10 per cent to these values. 


























c . THICKNESS OF WALL 
SHARACTER OF WALL 
4Ins. | 9 Ins. | 13 Ins. | 18 Ins. | 24 Ins. 

Plain brick with mortar........... 43 27 19 11 q 
Plain brick with mortar and _plas- 

BE kia thle = ae hee ce ANE ke : 34 22 17 11 9 
Plain brick with mortar, plastered 

aes incidence vsasrraaet 25 16 14 10 8 

















TaBLeE 4—Heat Loss TuHrouGH Concrete WALLS 


Heat loss from, exterior concrete walls in B.tu per hour per square 
foot for 0 F on outside and 70 F on inside with a wind velocity of 15 
miles per hour. For northern and western exposure, add 10 per cent to 
these values. 























Gusmeteen op Wane, THICKNESS OF WALL 
4Ins. | 8 Ins. | 12 Ins. | 16 Ins. 

I he es ae Wee oe 53 35 28 24 
Plain concrete with 4-in. brick face ....... 31 26 21 18 
Plain concrete with 4-in. brick face, plas- 

NS 8k. 6n%0hdshn nce eet senne 28 21 a. 
Plain concrete with 4-in. brick face, furred, 

lathed and plastered inside........... : 21 18 15 12 














Adapting Tables to Other Temperature Conditions 


Tables 3 to 10 are based on an outside temperature of 
zero F, and an inside temperature of 70 F. The outside 
temperature may be assumed at from 15 to 20 F above 
the lowest temperature recorded by the United States 
Weather Bureau at the nearest station. The lowest re- 
corded temperature at Knoxville, Tennessee, is 16 F 
below zero; Washington, D. C., 15 F below zero; New 
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Taste 5—Heat Loss THroucGH Heavy Stone WALLS 


Heat loss from exterior heavy stone walls in B.tu per hour per square 
foot for 0 F on outside and 70 F on inside with a wind velocity of 15 
miles per hour. For northern and western exposvre, add 10 per cent to 


these values. 





Tuickness or WALL 
10 Ins. | 12 Ins. 


Caaracter oF WALL 





4 Ins. | 8 Ins. 16 Ins. 





Plain stone, rustic mortar 
ee dio 85 75 68 60 55 50 








Plain stone, heavy cement 
mortar, plastered inside..| 55 45 40 35 28 22 























TaB_e 6—HeEat Loss THroucH Ho.titow Tite WALLS 


Heat loss in hollow tile walls in B.tu per hour per square foot for 
0 F on the outside and 70 F on the inside with a wind velocity of 15 
miles per hour. For northern and western exposures, add 10 per cent 


to these values. 





TuickNness or WALL ¥ 
4 Ins. | 6 Ins. | 8 Ins. 


CHARACTER oF WALL 








i eaee Lar canbecebhyerktestanened 38 30 24 





Hollow tile, plastered inside...................... 32 26 20 








Hollow tile with 4-in. brick face................... 26 22 18 
Hollow tile with 4-in. brick face, plastered inside....| 20 17 15 








Hollow tile with 4-in. brick face, furred, !athed, and 
NN SUED odes ivectiencecdescccccaedeben 16 14 12 





Hollow tile, furred and plastered inside, stucco outside] 24 20 16 














Hollow tile, plastered inside, stucco outside.........| 29 23 18 





TaBLeE 7—Woop WALLS 
Heat loss from wood walls in B.tu per hour per square foot for 0 F 
on outside and 70 F on inside with a wind velocity of 15 miles per hour. 
For northern and western exposure, add 10 per cent to these values. 


Se Gen WN MRR... ccc Caaestandioe dul donk aviguawecl 48 
Somme om oteiie, Balls amd plesteh...nccccccicccccccdedccscs 34 
Siding on studs with sheathing, lath and plaster........... 26 
Siding on studs with paper, sheathing, lath and plaster...... 21 
Siding on studs, brick veneer, lath and plaster............. 21 


Taste 8—Heat Loss THroucH Doors anp WINbDows 
Heat loss in B.tu per hour per square foot for 0 F on the out- 
side and 70 F on the inside with a wind velocity of 15 miles per hour. 
For northern and western exposures, add 10 per cent to these values. 


Windows, doors, and skylights—loose..................005. 90 
Windows, doors, and skylights—well installed.............. 78 
Windows, doors, and skylights, with weather strip.......... 60 
Windows, doors, and skylights—double with air space...... 52 


TasL_e 9—Heat Loss THrouGH Roorinc MATERIAL 
Heat loss from roofs in B.tu per hour per square foot for 0 F on the 
outside and 70 F on the inside with a wind velocity of 15 miles per hour. 
For northern and western exposures, add 10 per cent to these values. 


ey MO SUE I iin Src cc eich went wa dmen'ds ca desta 61 
nS A, GND MS dc uepalndadslsee das vascule na 30 
Shingles on strips over paper and sheathing............... 15 
A GD 65 eck cubanchcauatdedadiaaheneecevnsedd 75 
eG INT No aS re he ei ce an baad oe 46 
I bib ots nad dck ed acer agdeobt ead da edasn odnun 77 
ee ee OE, ic ae ke we Un tides semey sb ek 5 31 
Pe I ed nhs cay ted cisctdnsscqsterssaededse3 111 
Se ee WI 5 d,s ance eps beecesucucedeababwoeusteine 41 


Tin on paper and sheathing. .......cccccccscccsevcoccccscs 30 
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ee OS GUNNER. nk sinc aoueAace ses em as eeured se 107 
Corrugated iron on sheathing...............ccseeccseeees 50 
ee tt SS oe re vc ic Gaean akwcdsdylb cates ce 25 
Paper, tar and gravel on 1% sheathing.................0.:: 18 
SD Wh GORETURE, SAUCE, THF GE WITTE «és veswedcacccrccscess 44 


TasL_e 10—INTERIOR WALLS 
Heat loss in B.tu per hour per sq. ft. for 35 F on the unheated side 


and 70 F on the heated side. 


Studs with lath and plaster on one side.................... 21 
Studs with lath and plaster both sides...................... 12 
4-in. hollow tile plastered one side... ...........eseeceeees 18 
4-in. hollow tile plastered both sides.................00000 16 
2-in. gypsum blocks plastered one side................0005: 21 
2-in. gypsum blocks plastered both sides................... 19 


TABLE 11—CEILINGS AND FLoors Next To UNHEATED SPACE 
Heat loss in B.tu per hour per sq. ft. for 35 F on the unheated side 


and 70 F on the heated side. 


Sh er ee TNO, on cues chia ce eeewalesansbboeuoske 21 
Single wood floor on joists with lath and plaster ceiling in- 
CES POE PRS es EE ee ee cee 9 
Single wood floor on joists with metal ceiling............. 13 
Ce ne OE BONN nn vs ones cn vebacsdedoineveccs 8 
Double wood floor on joists with lath and plaster ceiling.... 5 
es Se OUR SN i ivgcighasenwlndaapaeeceecn 14 
ee ee eee ere 16 
ee Ee ee, ccc de nbdanandesateenceuueeds 18 
ak eT NES °C. Gin sc cs dh cn se uxesc sh daeveus cenes 25 
I FOOTE PER ETE OT CUNT OCT errr 35 
4-in. reinforced concrete with l-in. wood surface............ 18 


TasLe 12—F.Loors Lai on Grounp 
Heat loss in B.tu per hour per sq. ft. for ground temperature of 50 F 


and room temperature of 70 F. 


ee, er rr es, eve vere eveunshscebheekaae 7 
a ee Ge GI Teo ok ok bcos veveses bowers ends 6 
4-in. concrete on ground with 1-in. tile surface.............. 7 
Ue Se SUNOe Oh QI oie oso b0.5's 8d0006 casenkewners 3 
Single wood floor on cinder fill........cccccsccccscsccecs 3 
Single wood floor on joists on ground... ...........6.000005 3 


York City, 6 F below zero; Cleveland, Ohio, 17 F below 
zero. Thus it will be seen that the assumed temperature 
of zero degrees is correct for the central portion of the 
United States. In the extreme north, lower outside 
temperature must be assumed in accordance with the 
Weather Bureau record, while in the extreme south, 
higher temperatures would be correct. When the differ- 
ence between the outside and inside temperature is not 
70 F, the values given in Tables 3 to 10 must be multi- 
plied by a correction factor. The correction factor is 
obtained as follows: 

Take a fraction whose numerator is the difference be- 
tween the assumed outside temperature and the required 
inside temperature and whose denominator is 70 degrees. 

At Madison, Wisconsin, an outside temperature of 15 
F below zero should be assumed. Then for an inside 
temperature of 70 F, the value in the table must be mul- 
tiplied by 85/70 or 17/14. If we want to warm a bath 
room at Madison to 85 F, the difference between inside 
and outside temperature is 100 F. Then we must use a 
correction factor of 100/70 or 10/7. 

With these data available on heat losses by transmis- 
sion from the room or building, and with the previously 
explained method of computing the heat required to heat 
up the incoming air, then the total heat requirements can 
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be computed as given in the following typical example. 

The heat that is required is made up of three parts: 
(a) The heat lost through the walls, doors, windows, 
floors, ceilings and roofs; (b) heat to warm incoming 
air; and (c) heat to bring the room and contents up to 
temperature if the heating is not continuous. If the 
warming up period is long, less heat is required per hour 
than if it is short. 

Problem: How much heat must be supplied per hour 
to heat a room continuously if one exposed side is south 
and another west. The ceiling is ten feet high. The 
south side is 16 ft. long and has two windows of 15 sq. 
ft. each. The west side is 20 ft. long, and has one win- 
dow of 15 sq. ft., and one door 3 ft. by 7 ft. The outside 
walls are 9-in. brick, plastered. The north wall is next 
to a heated room. The east wall is next to an unheated 
room. The inside walls are made up with studs, lathed 
and plastered on both sides. The floor is double wood 
flooring over an unheated basement. The ceiling is lath 
and plastered with a finish plaster coat, this built on 
joists with single wood floor above. There are two 
changes of air required per hour. The required inside 
temperature is 75 F and the average expected minimum 
outside temperature is 5 F below zero (Temperature 
difference 80 F.) 


Computations 
South Wall: 
Area = (16 X 10) — (2 X 15) == 130 sq. ft. 
Transmission constant for 70 F temperature difference 
== 22 (Table 3). 
For 80 F temperature difference this constant will be 


80 


— < 22. 
70 
Heat loss will, therefore, be 
80 
— X 22 & 130 = 3,269 B.tu per hr. 
70 


South Wall Windows: 
Area of 2 windows = 30 square feet. 
Transmission constant for 70 F temperature differ- 
ence == 78 (Table 8). 
For 80 F temperature difference this constant will be 


80 


— X 78. 
70 
Heat loss will be, therefore, 
80 
— X 78 K 30 = 2,674 B.tu per hr. 
70 


West Wall: 
Area = (20 & 10) —15— (3 & 7) = 164 sq. ft. 
80 


Transmission constant = — 22. 
70 
80 
Heat loss will be, therefore, 164 * — x 22 + 10 
70 
80 
per cent of (164 & — X 22) —4,535 B.tu per hr. 
70 
West Wall Window and Door: 
Area of window and door = 15 + 21 = 36 sq. ft. 
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80 
Transmission constant —=— 78. 


70 






80 
Heat loss = 36 X — & 78 + 10 per cent of 
70 







80 
(36 * — X 78) = 3,530 B.tu per hr. 
70 

North Wall: 

No heat loss on this side as it is next to a heated room. 

East Wall (Studs with plaster on both sides) : 

This wall is next to an unheated room. 

Area of wall = 16 & 10= 160 sq. ft. 

Transmission constant for lath and plaster wall on 
studs is 12 (Table 10). 

Heat loss, therefore, will be 
16 X 10 & 12 = 1,920 B.tu per hr. 

Floor (Double floor over an unheated basement) : 
Area of floor = 16 & 20= 320 sq. ft. 
Transmission constant = 8. 

Heat loss, therefore, will be 
16 < 20 & 8 = 2,560 B.tu per hr. 

Ceiling (Lath and plaster with single wood floor above) : 
Area of ceiling = 16 & 20= 320 sq. ft. 
Transmission constant = 9. 

Heat loss = 16 & 20 &K 9= 2,880 B.tu per hr. 
Heat required for two air changes: 
Volume of room = 16 * 20 * 10=— 3,200 cu. ft. 
Total to be heated 80 F —2 & 3,200 or 6,400 cu. ft. 
1 B.tu will heat one cu. ft. of air 50 F. 
Heat required to heat up 6,400 cu. ft. 80 F = 
80 
6400 x — = 
50 





10,240 B.tu per hr. 





Total loss 31,608 B.tu per hr. 
Answer 


Supplementary Heating 


If there is any source of heat other than that to be 
supplied by the heating system, an estimate of the amount 
should be made and subtracted from the requirement 
total. When such allowance is made, consideration must 
be given as to the continuity and permanence of such 
supplementary source. Table 13 gives a tabulation of 
determined values that are available. Other sources 
may be conservatively estimated in determining the net 
heating needs for any room. 


TaBLe 13—Heat Given Up From AUXILiarRy SouRCES 











OpsEcT B.tv EMITTED PER Hour 
MS 5u i dad alec iisag y cones eakane Total watts x 3.412 
Average person sitting at rest..................... 350 
Average person working........................- 450 
SUNN OEE CIDOB. 6.5. cc avccccnscencdtcves Fie se 20,000 to 35,000 
NII a5 sd). ts vuren dp 0 ce amelon wren alle 2,000 to 4,000 





Heat Emission Constants for Heating Surfaces 


The amount of heat emitted from a metallic heating 
surface per square foot per hour is dependent upon 
(1) the material of the heating surface, (2) the tem- 
perature difference between the heating surface and the 
air or medium into which the heat is passing, (3) the 
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velocity of the air or medium passing over the heating 
surface, (4) the area and position of the exposed heat- 
ing surface, (5) the nature of the heating medium, 
(6) the humidity of the air and (7) the thickness of the 
heating surface metal. 

With so many conditions upon which the heat emis- 
sion is dependent, it is obvious that any constants given 
must be designated for specific conditions. Table 14 
gives the average rate of heat emission from steam heated 
plates or pipes when the room temperature is approxi- 
mately 70 F and the steam pressure is about 2 lb. gage. 
The values given are for transmission into still air. Any 
draft or forced movement of air over the surface of the 
pipes or surfaces will increase the heat emission. 


TABLE 14 





HEAT EMITTED PER HOUR 
PER DEGREE DIFFERENCE 
OF TEMPERATURE OF 8UR- 
FACE INTO STILL AIR. 


MATERIAL OF SuRFACE 








Cast iron—oxidized bare... .........ccscescessees 2 
Se IR igs sinkn ep wewaccussubsGnesduce 2 
GR IH MNIIO, cccnns cdo ccucnbcdstocceys seee 22 
Cast iron—painted white or buff.................. 2.2 
Steel pipe—Clean——114-in. diameter.............. 2.5 
Wrought iron pipe—clean—1 \-in. diameter 2.5 





The typical steam radiator, as designed, will give ap- 
parent results somewhat lower than the values tabulated. 
This is caused by the travel of the heated air from the 
bottom of the radiator over the radiating surfaces of 
the upper part of the radiator. 

The intermediate sections necessarily will emit less 
heat than those at the ends. The end_sections will give 
off more heat per square foot than the amount given in 
the table on account of the rapid air movement over the 
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surface brought about by the natural air circulation. 


Transmission Constants for Insulated Surfaces 


The percentage of heat retained by the application of 
insulation is dependent upon the (1) character of insu- 
lation, (2) thoroughness with which the insulation is 
applied, (3) the thickness of insulation, and (4) pro- 
tection of insulation from atmospheric changes. Such 
heat transfer constants as have been determined are 
usually based upon well-constructed and protected sur- 
faces. Unfortunately, insulation is often maintained in 
a relatively poor state of repair, and the actual percentage 
of heat retained is much below that given in the tables 
in such cases. These tabulated values must be considered, 
therefore, as the ideal toward which we might approach, 
but only under very good installation conditions will they 
be equalled. 

The approximate efficiencies for commercial pipe cov- 
erings range from about 81 to 88 per cent. These ef- 
ficiencies are referred to the loss from bare pipe and 
mean that if the covering is installed correctly, the per 
cent of heat will be saved that is now being lost from 
bare pipe as indicated by the efficiencies. 


Thickness of Covering to Be Used 

For hot water heating and for steam pressures up to 
ten pounds pressure, one inch commercial pipe covering 
is usually sufficient. For high pressure steam work 
one inch covering is sufficient on the smaller pipe 
sizes, but with piping over three inches in diameter it is 
good economy to use at least one and one-half inch cov- 
ering. These thicknesses are based on coal at $6.00. 

Editorial Note: An article entitled “Calculating Ra- 
diation Requirements” will appear soon. It will show 
practical applications of the data provided in this article. 











STANDARDS FOR AIR CONDITIONING 


, \O THE sanitary engineer and 
public health worker nothing 
will be more satisfactory than 

a settlement of the perplexing ques- 

tions which surround the matter of 

ventilation. At the present time the 
most encouraging tendency being 
manifested is the substitution of careful research for 
personal opinion. The results of this are striking al- 
ready, and there is no reason to doubt that the future 
will bring about further advances. We have seen the 
abandonment of the old idea that organic poisons result- 
ing from respiration constituted the ventilation problem 
and the replacement of this fallacy by recognition of the 
importance of the dry bulb temperature. Further refine- 
ments were found possible by consideration of wet bulb 
temperatures and relative humidity of occupied rooms. 


‘Air Conditioning 

and Human Wel- 

fare,” by Major S. 

Munson Corbe't. 

Page 42. January, 
1930 





Accompanying these strides the ventilating engineers 
have been able to devise methods of removing dust, ob- 
noxious gases, etc., from air entering rooms. The final 
advance is the establishment of the comfort zone and 
comfort line by the A. S. H. V. E. laboratory. 


Major Corbett has brought out an important point 
which may lead to the next advance in the science of air 
conditioning. Examination of the results of the New 
York State Commission on Ventilation leads the sani- 
tarian to believe that making comfort the criterion, im- 
portant as it is, does not provide a complete solution. 
Other data obtained from schools indicate, although it 
is possibly not more than an indication, that some other 
factor not eliminated by a feeling of discomfort, affects 
the health of children occupying school rooms. While I 
realize that this conclusion, based upon the much dis- 
cussed findings mentioned above, will be disagreed with 
by some, I believe the sanitarian is justified in making so 
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mild a statement at least. What the health factor may 
be has not been explained. Possibly low relative humidi- 
ties with high temperatures may cause certain changes, 
harmful or otherwise, in the metabolism of the human 
body. The greater tendency to dryness of the nose and 
throat surfaces with its effects upon the incidence of 
respiratory disorders should also be investigated. Per- 
haps the final result will be a further reduction of the 
comfort zone or comfort line to a health-comfort zone 
or line. 

In this connection it occurs to me that persons accus- 
tomed to higher temperatures the year around, as in the 
south and southwest, may find that the lower tempera- 
tures on the comfort line are not comfortable. In Texas, 
for instance, I have found an indoor 68 F dry bulb tem- 
perature with humidities well within the comfort zone, 
distinctly uncomfortable. Since, as Major Corbett points 
out, sufferers from certain respiratory affections fre- 
quently find relief in the Southwest, a study of prevail- 
ing temperatures and humidities in this section might be 
of value to physiological research as applied to ventila- 
tion. 

The sooner medical men recognize the need for study 
of this obscure relationship which may, and probably 
does, exist, and show willingness to co-operate with the 
research worker in ventilation, the sooner will the ques- 
tion be answered. Major Corbett’s interest in the mat- 
ter is an indication of progress. In the meantime the 
non-medical sanitarian is hopefully waiting—E. W. 
Steel, Professor of Municipal and Sanitary Engineering, 
A. & M. College of Texas. 


Comment by S. R. Lewis 


Other medical men, notably Dr. Hubbard of Toledo, 
Ohio, have agreed with Dr. Corbett’s judgment that the 
relative humidity should be kept high artificially when- 
ever, due to artificial heat, it becomes extremely low. 

Unfortunately, no consistent research, so far as I 
know, ever has been carried out which demonstrated the 
effect upon the human body of consistently maintained 
artificial humidity. 

There have been some attempts made to prove or to 
disprove the theory that the introduction of moisture into 
school building air should show favorable results in the 
attendance records, or in the observed cases of respira- 
tory illness. 

The New York Commission on Ventilation spent years 
trying to prove that consistent information about ventila- 
tion could be obtained from records of incidence of 
respiratory diseases in school children. I tried it myself, 
for a year, moistening the air at one end of a large school 
in Toledo and leaving dry the other end. All of these 
tests failed to deliver consistent information. 

The New York commission has admitted that no par- 
ticular constructive information could be deduced about 
ventilation by health records of public school pupils. It 
appears that so small a part of the life of each pupil is 
spent in the public school that we can not expect ever 
to secure consistent data from public school children. 

Observations might be made of the children in some 
institution such as a blind or deaf and dumb school, 
where we can control the living conditions of the pupils 
all the time, not turning them out after a few daylight 
hours in school into the rain and the snow, to go home 
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and to other enclosed places where widely different con- 
ditions of heating and cleanliness of air and of contacts 
must exist. 

Until someone publishes results of authoritative re- 
search which prove the benefit of some maintained 
humidity content, or until the medical profession as a 
reasonably coherent unit prescribe to the engineering 
profession something better than the comfort chart of 
the engineer, the latter, which the engineers developed 
without the doctors, will rule. 

Dr. Corbett raises interesting and possibly vital ques- 
tions. We should like to have him go further and tell 
us how we may prove his contentions. 

In installations for human ventilation only where the 
engineers have provided automatic humidity introduc- 
tion and control, we find a tendency on the part of the 
owner not to operate the humidifier because of inability 
to visualize any gain from such operation. 

Perhaps some information might be gained by investi- 
gating the health conditions of operatives in factories 
where artificial humidification is maintained. In many 
plants, due to the necessity for a uniform manufacturing 
process, the moisture content of the air is controlled. 
While the operatives are there only perhaps one-third 
of their time, they may be healthier than the rest of us. 
[ have seen no figures to prove this, however.—Samuel 
R. Lewis. 





Multiple Refrigeration Installations 


One should never make the mistake of considering 
a multiple installation as different in fundamental 
principles from the individual system, for the func- 
tion of each is the same and the same processes must 
take place to provide refrigeration whether one unit 
or several be used in conjunction with one or more 
refrigerator cabinets. 

To insure the success of any installation, one should 
have a thorough understanding of the underlying 
principles, i. e., the theory of refrigeration, and of 
course one must possess a practical working knowl- 
edge of the equipment used. The contractor con- 
templating the installation and servicing of refrigera- 
tion equipment will be unwise if he fails to send a 
capable member of his organization to the factory 
manufacturing the equipment for a complete course 
of instruction covering installation and service and 
he should thoroughly familiarize himself with the 
construction of the mechanical equipment. 

Too much emphasis cannot be placed on the im- 
portance of extreme care in all workmanship for an 
analysis of existing service records discloses that the 
bulk of all trouble experienced with mechanical re- 
frigeration equipment is a result of some errors in in- 
stallation and subsequent errors when serviced, The 
bulk of this is the result of a lack of understanding 
of the equipment rather than carelessness or a lack 
of interest on the part of the person doing the work. 

One of the greatest causes of trouble with multiple 
installations is leaks at line connections. Because of 
the great number of connections in.a multiple in- 
stallation, minute leaks at a number of these will per- 
mit the eventual discharge of the refrigerant, and to 
occasionally add refrigerant without locating these 
leaks will effect but temporary relief.—E. Barger. 
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THREE-STORY EXPERIMENTAL INSTALLATION IN THE INTERNAL COMBUSTION ENGINE LABORATORY AT THE AGRICULTURAL 
AND MECHANICAL COLLEGE OF TEXAS 


Pipe and Orifice Sizes for Small Gravity 
Circulation Hot Water Heating Systems 


The results of co-operative research between the A. S. H. V. E. and the Texas Engineering Experiment Station, 
Dr. F. E. Giesecke, Director 


By Elmer G. Smith! (vwz£MBER), College Station, Texas 


HEN a hot water heating system is installed in 1. The contractor may make them out of sheet copper 


oer . ‘ inse m i » unions as illustrated by Figs. 1 
nas bari a : . “. and insert them into the unions as 1 ited Dy | 
a small building, such as a residence, the two and 2. The copper should be about 0.025 in. thick (22 


pipe underfoot feed, direct return system with gage). 

bare mains is usually chosen. It is cheaper to install 2. The contractor may specify valves equipped with ori 
than the reversed return system, gives smaller heat losses fices of various sizes. There is at least one ach valve 
it * iis now on the market. This valve is intended for use 
it en cay sae he ) . 

i the basement, and the piping looks less clumsy. In with vapor systems, but may also be used with hot 
the past, some trouble has been experienced with the cir- water systems. 

culation in direct return systems, but recent experiments 3. The contractor may specify valves that have adjustable 


at this station have demonstrated that when orifices calibrated orifices. There are at least two such valves 
‘ : . . ; ; on the market both of which are intended for use with 
of the proper size are placed in each radiator circuit, the 


, a vapor systems. 

circulation becomes not merely satisfactory but remark- , : 

a} an - af eat In order to make the ifistallations of these systems easy 
ibly good. The usual place for such an orifice is in the 


: . ja and practical the following tables have been prepared 
union at one end of the radiator. There are at least three I 8 i. 


aie . . “Cw from the results of experimental work: 

ways of getting these orifices into the circuit : x : 

— Table 1, giving the size of riser required to carry a 
* Assistant Professor of Ph sics, Agricultural and Mechanical College : : = — inti 

i Texas, College Station, Texas. given number of square feet of radiation. 


For presentation at the 36th Annual Meeting of the American Society 5 ee .? inc require y , 2 
® HeaTING AND VENTILATING ENGINEERS, Philadelphia, Pa., January, 1930. Table 2, giving the SIZ€ of mains required to Carry a 
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given number of square feet of radiation for various 
lengths of line when the mains are between 3 and 4 ft. 
above the mid-point of the heater. 

Table 3, giving the size of mains required to carry a 
given number of square feet of radiation when the mains 
are between 4 and 5 ft. above the mid-point of the 
heater. 

Table 4, giving the size of main heater risers re- 
quired to carry a given number of square feet of radia- 
tion, 

Table 5, giving the diameters of the orifices that should 
be used with various sizes of radiators for different 
heights above the mid-point of the heater. This table 
is to be used when the contractor makes his own orifices. 

Table 6, giving the sizes of the orifices for use with 
valves that come equipped with them. 

Table 7, giving the proper settings for use with valves 
with adjustable calibrated orifices. 


Experimental Work 


The first experiment on a direct return system 
was made before the tables were calculated. This 
plant had seven radiators all between 30 sq. ft. and 
70 sq. ft. and represented one half of a two-story in- 
stallation. This system was very successful and the 
results were fully described in a previous paper en- 
titled “Pipe Sizes for Hot Water Heating Systems,” 
by F. E. Giesecke and the writer which appeared in the 
June, 1929, JourNAL of the A. S. H. V. E. After a 
series of tests on this system and also on a reversed re- 
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turn system, the theory was verified sufficiently to justify 
an attempt to calculate the tables. 

In their present form the tables are not designed 
to produce the best possible circulation, but represent 
rather the simplest tables that could be produced and 
still be assured of reasonably good circulation. 
When the tables had finally taken shape the system 
shown in Fig. 11 was designed in accordance with 
them. When the system was actually built it was 
necessary to bend the mains back upon themselves 
in order to get so large a system into the space that 
was available. Also, the only heater available was 
a converter intended to heat water for shower baths. 
The openings in this heater were only 3 in. instead 
of 3% in. or 4 in., as called for by the tables. In 
addition to this the vertical distance from the mid- 
point of the heater to the mid-point of the mains 
directly above was made 4 ft., the minimum distance 
for which Table 3 can be used. 

Both mains were bare throughout their entire 
length and the fact that they were not covered by a 
tight floor probably tended to cause the radiators 
near the end of the line to receive cooler water than 
they otherwise would have. 

The results of this test are shown in the table below. 

In order to more readily visualize the meaning of 
these figures, it will be helpful to divide the radiators 
into two groups (1) medium-sized radiators having 
more than 35 sq. ft. of surface and (2) small-sized 
radiators having less than 16 sq. ft. of surface. 


To Tasies 1, 3, 4, AND 6. 





Tre Requimep ror Water To Reaca Last Riser, 17 Minutes 


Reaptnes Taken 1 Hour Arrer Startinc Heater 































































































Radiator Number................... ; 11 | 12 | 13 | 14] 15 | 21 | 22 | 23 | 24 | 25] 31 | 32] 33 | 34 | 35 
Temperature of Water Entering the Radiator...... 178 |177 |172 {163 {159 |173 [169 |171 [164 |156 |172 |163 |166 |152 |145 
Temperature of Water Leaving the Radiator....... 132 140 {115 |140 {132 |138 [139 [141 [137 |132 [141 |138 |139 |129 [125 
Average Temperature of Water in the Radiator 150) [158.5]143.5)152.5)145.5)/155.5)154 |156  |150.5)144 9 ]156.5)150.5}152.5)140 5}135 
Reapines Taken 4'9 Hours Arrer Starting Heater 
See Fee aT Se eee Te 11 12 13 14 15 | 21 22 | 23 | 24] 25 | 31 32 | 33 | 34] 35 
‘Temperature of Water Entering the Radiator... 200 {199 {193 {189 {184 |198 |191 {194 |186 {177 {198 {185 {192 |170 |165 
Temperature of Water Leaving the Radiator... .............. 146 |160.5)135 [165 [148 [157.5)159 |160 [162 [155 [164 [152 |158 |146 [144 
Average Temperature of Water in the Radiator...............]173 {179 7164 177) |166 ={177.7|175 {177 {174 [166 [181 {168.5]175 [158 {182 
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Grove 1—Mepium-Suep Raptors Group 2—Smaui-Suep Rapiators 
Rapta- AVERAGE AVERAGE 
TOR SURFACE IN Temp. oF RapIaTor SURFACE IN Temp. oF 
NUMBER Se. Fr. Water—F NuMBER Se. Fr. Warer—F 
1 744 173 
12 3814 179.7 
13 1334 166 
14 74% 177 
15 1334 164 
21 74% 177.7 
22 3814 175 
23 74% 177 
24 74% 174 
25 1344 166 
31 75 181 
32 55 168.5 
33 75 175 
34 15 163 
35 15 161 
It will be noted that the temperatures in the 


medium-sized radiators are very closely grouped at 
about 176 F. The hottest is No. 31 (181 F), and the 
coldest is No. 32 (168.5 F), and the temperature dif- 
ference between these extremes is only 13% F, mak- 
ing the deviation from the mean only 6% F which 
is unusually small. These two radiators happen to 
be next to each other on the second floor and in the 
half of the line nearer the heater. This seems to in- 
dicate that such differences as do exist are caused, 
not by the position on the line, but rather by the 
impossibility of selecting exactly the correct resist- 
ance for any given radiator, due to the fact that the 
resistances of both the risers and the orifices vary 
by jumps. 


Referring again to radiators No. 31 and No. 32, it 
was noticed by reference to Table 6 that the (31-40) 
orifice called for by radiator No. 31 has a range of 
72 sq. ft. to 90.4 sq. ft. Radiator No. 31 is near the 
low end of this range. Its temperature will there- 
fore be a little high. Similarly, the (21-30) orifice 
required by radiator No. 32 has a range of 43.9 sq. ft. 
to 58.5 sq. ft. Radiator No. 32 has 55 sq. ft. of sur- 
face. It is therefore near the upper end of this range 
and its average temperature will therefore be a 
little low. 


Referring to the very small radiators, it is evident 
that although these radiators agree closely among 
themselves, they are on the average about 13 F cooler 
than the larger radiators and that the coldest radia- 
tor in this group is a full 20 F cooler than the hottest 
one in the larger group. This represents a variation 
of 10 F from the mean. Small radiators dissipate 
heat more efficiently than larger ones, but even when 
that is taken into consideration the small radiators 
are 10 per cent to 15 per cent below the larger ones 
in the number of B.tu per square foot that they 
dissipate. As a rule this difference would probably 
hot be noticed by the occupants of the building, but 
it may be advisable to increase the surface of very 
small radiators by about 10 per cent to obviate any 
possibility of having trouble. 
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How to Select Sizes of Pipes and Orifices 


When the various tables are applied in every-day work 
it will probably be remarked that when mixed pipe 
sizes are used the flow main or riser, as the case may 
be, is always smaller than the return main or riser. There 
are two reasons for this: First, the heat losses due to 
cooling in the pipes are less with this arrangement than 
when the flow main or riser is larger; and second, it 
helps the circulation slightly because cooling in a flow 
riser lowers the average temperature of a radiator, 
whereas, cooling in a return riser simply produces more 
rapid circulation of the water. 


In the case of the risers it will also be noticed that 
the return riser is sometimes two sizes larger than the 
flow riser as, for instance, a 34 in. flow riser may be used 
with a 1% in. return riser. This is done to help equalize 
the friction in the risers. 


One-Story Residence Problem 


The simplest kind of plant to install is one intended 
to heat a one-story residence. Such a plant is illustrated 
in Fig. 3. Before proceeding with the selection of the 
pipe sizes it may be well to consider some of the piping 
details. The risers may be connected to the mains as 
illustrated in Fig. 4A, Fig. 4B or Fig. 4C. Since Fig. ° 
4B is already in common use, it will be selected for this 
problem. The radiators may. be connected with a low 
flow connection illustrated in Fig. 5A, or with a high flow 
connection as illustrated in Fig. 5B. The high flow con- 
nection locates the valve more conveniently and heats 
more efficiently. This connection will therefore be 
selected. In order to be able to refer to them con- 
veniently, the radiators have been numbered consecutively 
beginning at the heater. The left-hand branch begins 
with radiator No. 1, and the right-hand branch with 
radiator No. 8. 


How to Select Riser Sizes 


By reference to Table 1, it will be noted that the 
riser sizes should be as follows: 








| Frow—In, | Return In 

Radiator No. | (35 aq. ft.)............ a4 i 
Radiator No. 2(63 aq. ft.)............. 1 l 
Radiator No. 3 (2214 sq. ft.)............. lg l 
Radiator No. 4 (3114 sq. ft)............. 34 34 
Radiator No. 5 (3344 aq. ft.)................ 34 | 
Radiator No. 6(57 a. ft.)................ l | 
eS 1 l 
Radiator No. 8 (60 sq. ft.)...... 1 | 
Radiator No. 9 (8614 sq. ft.) l I'y 
Radiator No. 10(75 sq. ft.) 1 1'4 


How to Select Sizes for Mains 


There are two tables of pipe sizes for mains: 
Table 2 is to be used when the distance from the 
mid-point of the heater to the mid-point of the low- 
est portion of the mains is between 3 and 4 ft. and 
Table 3 for use when this distance lies between 4 
and 5 ft. The mid-point of a heater is a point mid 
way between the flow connection and the return 
connection, not a point midway between the top of 
the heater and the floor, as might be supposed. In 
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Fic. 3—Lay-out ror One-Story RESIDENCE 












































639 The sizes of the orifices are indicated by a circle with a number inside 
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the case of this particular plant the distance from mains is 3 ft.6 in. Table 2, therefore, must be used. 





the mid-point of the heater to the mid-point of the In order to select the pipe sizes for a given section 
of the mains, the length of the line must be known 

| as well as the number of square feet of radiation that 

the section must carry. The length of a line is the 

| distance, in feet, from the main heater risers to the 

rt —+ | farthest radiator risers, measured along the mains. 
In the case of the left-hand branch in Fig. 3, the 

3 Ore _—_o—_ ee +t length of the line is 8 ft. + 23 ft. + 23% ft. + 18 ft. 


—— 

Fic. 4A—Laterat Section or Risers (AT Lert LooKINnG 7 13 ft. + 7 ft. or 92% ft. Thus, the length of the 

ALONG THE Matns, AT Ricut Looxinc Across THE MAINS) line lies between 90 ft. and 100 ft. t 3 
Accordingly, to find the sizes of mains required 


| between radiator No. 7 and Radiator No. 6, first note 
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| TABLE 1—Ruser S1zes* 





* j 
Prre Sue—lIn. - 
Capacity 


x ———— 4 i | eae 5 in Sq. Fr. 



































Flow RETURN 
ef 4 M4 00 15.4 
— i 
“ %% ‘ 
Fic. 4B—Laterat Secrion or Risers (at Lert LookInG ie y eh e 
ALONG THE Marns, at Ricut Lookrnc Across THE MAINs) +e ad 93 5 33 
74 74 wo. oD. 
| %4 1 33.2 43.6 
34 1% 43.6 47.0 
| 1 1 47.0 63.2 
1 1% 63.2 81.0 
: | 1 114 81.0 87.6 
rt T | 1% 1% 87.6 130 
1% 1% 130 157 
loctentan 11 134 157 196 
1% 2 196 251 
C) 1c 114 214 251 270 
aoe 2 2 270 | 
Fic. 4C—Larerat Section or Risers (At Lerr LooKINnG “All radiators less than 12 ft. above the mid-point of the heater must 


ALONG THE Matns, aT Ricnut Looking Across THE MaINs) be ccnnected to the mains by independent risers. 
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that this section carries 57% sq. ft. of radiation, and 
then in the column headed “90-100” find the figures 
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Fic. 5A—Low Fiow Raprator CONNECTION 
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Fic. 5B—Hicu Frow Raprator CONNECTION 


49-60. The number of square feet required falls 
within this range and the correct sizes are found on 
the same line at the extreme left of the table. Thus, 
the correct size is 1% in. for both the flow and return 
mains. 

Proceeding in a similar manner, the remaining sizes 
are found to be as follows: 

















Section or Line Between Rapiator oe Frow—In. Return—In. 
ee tr NE BO 5 oc dons sas sone 57 sq. ft. 1% 1% 
No. 6 and No. 5...............| 114 aq. ft. 2 2 
NS TA ee 147% sq. ft. 2 21% 
OR 2 NE ee a ree 179% sq. ft. 2% 2% 
arene 20134 sq. ft. | 2% 3 
eS |) eer er ee 26434 sq. ft. | 3 3 
+i ft eee 29934 sq ft. 3 3 





Since the right-hand branch is 6614 ft. long, its pipe 














sizes are found in the column headed “60-70.” These 
sizes are as follows: 

Section or Line Between RavtaTor fae Firow—In. Return—lIn. 
ON, ee er eee 75 sq. ft. 1% 2 
a ee 161% sq. ft. 2 2% 

No. 8 and Heater..............| 221% sq. ft. 2% 3 


How to Select Sizes for the Main Heater Risers 


The main risers for the first branch must carry 299% 
sq. ft. of radiation. Therefore, by reference to Table 4 
it will be noted that they should be at least 2% in. The 
main risers for the right branch must carry 221% sq. 
ft., and again, by reference to Table 4 it will be seen that 
they, too, should be at least 2% in. 


How to Select Orifice Sizes for Orifices to be Made 
on the Job 

In order to make allowance for the higher pressures 

that exist close to the heater, it is necessary to use smaller 

orifices near to the heater and larger ones farther away. 
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To accomplish this, each line is divided into four sections 
of equal length. The section nearest the heater is No. 1, 
and the section farthest from the heater is No. 4. Thus, 

92% 


for the left hand branch in Fig. 3, each section is 





4 

or 23% ft. long. 

This distributes the radiators among the sections as 
follows: 

Section No. 1 contains radiator No. 1 

Section No. 2 contains radiators No. 2 and No. 3 

Section No. 3 contains radiators No. 4 and No. 5 

Section No. 4 contains radiators No. 6 and No. 7 


In addition to the section in which a radiator is 
located, it is necessary to know its height above the 
mid-point of the heater. Since it has been decided 
to use the high flow connection the distance above 
the mid-point of the heater must be measured to the 
mid-point of the radiator. In the system under con- 
sideration the radiators are all 26 in. and their mid- 
points are all 7 ft. 2 in. above the mid-point of the 
heater, Consequently, in Table 5 only the column 
headed “7-8” is of interest in this case. The actual 
selections can now be made. 

Radiator No. 1 has a surface of 35 sq. ft. There- 
fore, in Table 5, Section 1, find the numbers “33.2- 
37.2” in the column headed “7-8.” This is the re- 
quired range and accordingly the orifice size is found 
on the same line at the extreme left. In this case it 
is 7/32 in. For radiators 2 and 3 use Table 5, Section 
2, and find, in a manner similar that No. 2 (63 sq. 
ft.), requires a 5/16 orifice and No. 3 (22% sq. ft.) 
requires a 13/64 in. orifice. For radiators 4 and 5 
use Table 5, Section 3, and find that radiator 4 (31% 
sq. ft.) takes a % in. orifice, and radiator 5 (3334 sq. 
ft.) takes a 9/32 in. orifice. Similarly, using Table 5, 
Section 4, radiators 6 and 7 (each 57 sq. ft.) take 
7/16 in. orifices. 

For the right-hand branch each section is about 
16 2/3 ft. long. Therefore, find radiator 8 in Sec- 
tion 1. Radiator 9 is on the border line between Sec- 
tion 2 and Section 3. In a case like this it is always 
safer to place the radiator in the section nearest the 
heater. Therefore, radiator 9 is placed in Section 2. 
Radiator 10 is in Section 4. Proceeding in the same 
manner as for the left-hand branch, find that the 
sizes of the orifices required are as follows: 


Radiator 8 (60 sq. ft.) takes a 9/32 in. orifice (Table 5, 
Section 1). 

Radiator 9 (86% sq. ft.) takes a 13/32 in. orifice (Table 5, 
Section 2). 

Radiator 10 (75 sq. ft.) takes a % in. orifice (Table 5, 
Section 4). 

The design of the system is now complete except 
for the expansion tank which is of the usual size and 
installed in the usual manner. The sizes of the 
orifices are indicated on the plan by a circle with a 
number inside. 


How to Select Orifice Sizes When the Orifices Are 
Rated in Square Feet of Vapor Radiation 


If, instead of making the orifices on the job, it is 
preferable that valves be purchased already equipped 
with orifices having their capacity in square feet of 
vapor radiation marked on them, the procedure is 
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Taste 2—Cavacitirs of MAins 1n SQuare Feet or Direct Raptation (Distance FROM Mip-Pornt oF Heater To Lower Portions 
oF THE MAIns 3 Ft.-4 FT.) 





Pipe Sizes 


























Pipe Sizes = 
‘olipmindediinimnatl Leneorn or Line iy Feet pg 
Fiow | Rerurn Fiow | Return 
0 20 20 25 25 30 30 35 35 40 40 45 45 50 50 60 60 70 70 80 
4 % 0 23 0 20 0 18 0 17 0 16 0 15 0 15 0 14 0 13 0 12 % 4 
% 1 23 30 20 26 18 24 17 22 16 21 15 20 15 20 14 18 13 17 12 15 % 1 
1 1 30 43 26 39 24 36 22 33 21 31 20 29 20 28 18 25 17 23 15 21 1 1 
1 1% 43 57 39 53 36 49 33 45 31 41 29 40 28 38 25 34 23 32 21 34 1 1'4 
14 1% 57 83 53 80 49 75 45 70 41 67 40 62 38 59 34 54 32 51 34 47 14% 1'4 
1'4 Ih, 83 101 80 96 7 89 70 84 67 80 62 75 59 71 54 64 51 61 47 56 1% 1'6 
I', l', 101 130 96 | 120 89 110 84 105 80 100 75 95 71 90 64 80 61 75 56 70 l', 1', 
I's 2 130 169 120 155 110 135 105 136 100 129 95 122 90 117 80 106 75 99 70 92 1, 2 
2 2 169 | 240 155 | 220 135 | 205 136 195 129 180 122 170 117 165 106 155 99 145 92 135 2 2 
2 2'4 240 | 285 [220 | 264 | 205 240 195 | 235 180 | 220 170 195 165 | 200 155 187 145 175 135 165 2 2'6 
2h, 2, 285 | 350 | 264 | 330 | 240 | 315 | 235 | 205 | 220 | 280 195 | 270 | 200 | 255 187 | 235 175 | 220 165 | 210 2'9 2's 
2'4 3 350 | 450 | 330 | 442 [315 | 400 | 205 | 377 | 280 | 360 | 270 | 345 | 255 | 330 | 235 | 300 | 220 | 285 | 210 | 272 2', 3 
3 3 450 | 630 | 442 | 585 [400 | 545 [377 | 520 | 360 | 500 | 345 | 475 [330 | 460 | 300 | 430 | 285 | 400 | 272 | 385 3 3 
3 Bly 630 730 585 683 545 640 520 610 500 585 475 558 460 540 430 510 400 470 385 450 3 319 
3! 3!9 730 870 683 820 640 780 610 740 585 705 558 680 540 660 510 620 470 580 450 550 319 316 
Blo 4 870 | 997 | 820 | 925 | 780 | 880 | 740 | 840 | 705 | 800 | 680 | 770 | 660 | 740 | 620 | 700 | 580 | 670 | 550 | 622 3'9 4 
4 | 4 997 {1170 925 |1080 880 (1020 S40 970 800 930 770 890 740 850 700 800 670 760 622 720 4 4 
4 | 6 a, Sa 1080 (1370 [1020 (1290 970 |1230 930 (1190 890 |1140 850 /|1100 800 (1030 760 980 720 925 4 5 
5 4 1370 {1860 ]1290 |1770 [1230 /|1700 [1190 (1650 [1140 |1600 ]1100 [1540 [1030 (1460 980 /|1380 925 |1300 5 5 
45 | 6 1860 |2250 71770 [2170 [1700 (2080 41650 (1960 ]1600 (1970 ]1540 |1900 [1460 (1800 [1380 /|1700 [1300 /|1600 5 6 
6 6 2840 [2170 2080 (2700 41960 (2650 [1970 (2560 [1900 (2490 [1800 (2340 ]1700 |2200 41600 (2100 6 6 
80 90 90 100 100 120 120 140 140 160 160 180 180 200 200 240 240 280 
44 a4 0} u 0 | 10 0 9 0 8 0 7 5; ee 34 Y 
4 1 il 14 10 13 Q 12 8 10 7 9 a ‘ ae, 34 1 
1 1 14 20 13 19 12 17 10 15 9 14 0 13 0 12 0 ll 0 10 1 1 
1 14 20 28 19 26 17 23 15 21 14 20 13 18 12 17 il 16 10 15 1 14 
I'g 1% 28 44 26 41 23 38 21 34 20 32 18 30 17 29 16 29 15 27 1% 14 
1", lb, 44 54 41 49 38 46 34 41 32 39 30 36 29 35 29 34 27 31 144 1!, 
I'9 l', 54 65 49 60 46 58 41 52 39 50 36 45 35 45 34 40 31 35 l', l', 
lo 2 65 87 60 81 58 76 52 69 50 67 45 61 45 60 40 53 35 48 l!, 2 
2 2 87 130 81 125 76 110 69 105 67 100 61 95 60 90 53 80 48 75 2 2 
2 2'9 130 153 125 150 110 136 105 127 100 118 95 110 90 103 80 93 7 SS 2 2'5 
2'3 2'y 153 185 150 190 136 180 127 160 118 145 110 130 103 120 93 110 88 105 2'3 2'3 
2'o 3 185 | 247 190 | 246 180 | 235 160 | 214 145 189 130 171 120 160 110 146 105 138 2), 3 
3 3 247 370 246 350 235 340 214 320 189 270 17 250 160 240 146 215 138 200 3 3 
3 3'9 370 434 350 410 340 390 320 367 270 322 250 300 240 286 215 254 200 237 3 316 
3'y 314 434 525 410 500 390 460 367 430 322 400 300 370 286 350 254 310 237 290 315 3'5 
Sto 4 525 596 500 570 460 524 430 490 400 460 370 438 350 410 310 368 290 344 319 4 
4 4 596 690 570 600 524 610 490 570 460 540 438 510 410 490 368 450 344 420 + 4 
4 5 690 890 600 850 610 790 570 738 540 700 510 668 490 644 450 600 420 560 4 5 
5 5 890 |1260 850 |1200 790 |1120 738 {1050 700 {1000 668 970 644 940 600 890 560 850 5 5 
5 6 1260 {1550 [1200 (1488 [1120 [1400 [1050 [1315 1000 [1255 [| 970 [1226 | 940 /|1160 | 890 (1120 [| 850 | 990 5 6 
6 6 1550 (2000 [1488 [1950 [1400 [1850 [1315 |1760 [1255 [1680 [1226 [1620 [1160 /|1580 ]1120 (1520 Gee Pere B.neess 6 6 










































































TABLE 3—CAPACITIES OF MAINS IN SQUARE 


Feet oF Direct Rapration (DisTANCE FROM Mip-Point oF HEATER TO Mip-Pornt OF 
Main Drrectty Apove 4 Ft.-5 FT.) 





Pires Sizes 
























































Pipe Sizes 
- aiditininandipanell Lenoru or Line In Fret 
Fiow | Return Fiow |Return 
0 20 20 25 25 30 30 35 35 40 40 45 45 50 50 60 60 70 70 80 
% 34 0 27 0 23 0 21 0 20 0 18 0 17 0 17 0 16 0 15 0 14 34 34 
34 1 27 35 23 30 21 28 20 25 18 24 17 23 17 23 16 21 15 20 14 17 34 1 
1 1 35 50 30 45 28 41 25 38 24 36 23 33 23 32 21 29 20 27 17 24 1 1 
1 1% 50 66 45 61 41 57 38 52 36 47 33 46 32 44 29 39 27 37 24 39 1 1% 
1% 14 66 96 61 92 57 87 52 81 47 77 46 71 44 68 39 62 37 59 39 54 14 1% 
1% I!» 96 117 92 lll 87 103 81 97 77 92 71 87 68 82 62 74 59 70 54 65 14 14 
Ibe lly 117 150 lll 139 103 127 97 121 92 115 87 110 82 104 74 92 70 86 65 81 1}, 1!, 
l'e 2 150 195 139 179 127 156 121 157 115 149 110 141 104 135 92 122 86 104 81 106 14 2 
2 2 195 278 179 254 156 237 157 226 149 208 141 196 135 19i 122 179 104 167 106 156 2 2 
2 2'y 278 330 254 204 237 278 226 272 208 254 196 225 191 231 179 216 167 202 156 191 2 2'5 
24 2'o 330 404 204 381 278 364 272 341 254 324 225 312 231 295 216 271 202 254 191 242 214 215 
2'y 3 404 520 | 381 488 364 462 341 436 324 415 312 398 295 381 271 347 254 329 242 314 215 3 
3 3 520 728 488 676 462 630 436 | 600 415 577 398 | 548 381 532 347 497 329 462 314 445 3 3 
3 31g 728 842 676 790 630 740 600 705 577 676 | 548 645 532 624 497 590 | 462 543 445 520 3 31, 
Bly 31g 842 /|1005 790 | 974 740 | 900 705 855 676 814 645 785 624 762 590 717 543 670 | 520 635 316 31, 
Bly 4 1005 {1150 | 974 (1070 900 |1020 | 855 970 814 925 785 888 762 854 717 808 670 775 635 718 316 4 
4 4 1150 [1350 [1070 (1250 [1020 (1180 | 970 (1120 | 925 (1075 888 |1030 | 854 981 808 | 924 775 877 718 832 4 4 
4 5 ike .....$1250 [1580 [1180 |1490 91120 [1420 [1075 (1375 [1030 [1320 981 |1270 924 /|1190 877 |1030 832 |1070 4 5 
5 5 11580 |2150 [1490 [2050 [1420 [1960 [1375 (1901 [1320 /|1850 [1270 (1780 [1190 [1690 [1030 [1600 [1070 (1500 5 5 
5 6 2150 (2600 2050 (2510 [1960 (2400 [1901 [2260 [1850 (2280 {1780 (2200 [1690 (2080 [1600 (1965 |1500 (1780 5 6 
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exactly the same except that Table 6 is used instead 
of Table 5. When this is done, the following sizes 
are obtained: 

Radiator 1 (Section 1, 35 sq. ft.) takes a 21-30 orifice. 

Radiator 2 (Section 2, 63 sq. ft.) takes a 71-80 orifice. 

Radiator 3 (Section 2, 22% sq. ft.) takes a 21-30 orifice. 

Radiator 4 (Section 3, 31% sq. ft.) takes a 41-50 orifice. 

Radiator 5 (Section 3, 3334 sq. ft.) takes a 51-60 orifice. 

Radiator 6 (Section 4, 57 sq. ft.) takes a 141-150 orifice. 

Radiator 7 (Section 4, 57 sq. ft.) takes a 141-150 orifice. 

Radiator 8 (Section 1, 60 sq. ft.) takes a 41-50 orifice. 

Radiator 9 (Section 2, 86% sq. ft.) takes a 101-110 orifice. 

Radiator 10 (Section 4, 75 sq. ft.) takes a % in. orifice. 

It will be noticed that a few inch sizes are in- 
cluded with the vapor sizes. This is because a large 
first-floor radiator may, in some cases, require a 
larger orifice than is made for vapor systems. These 
extra large sizes will, of course, have to be made on 
the job. 


How to Determine the Proper Settings for Valves 
Having an Adjustable Orifice Calibrated in Square 
Feet of Vapor Radiation 


So far as the writer knows, these valves are made 
only in the % in. size. This means that it will often 
be necessary to reduce the size of the flow risers in 
order to connect the valve. This will probably not 
cause any serious trouble, if the reduction is made 
fairly close to the valve. It is, of course, especially 
important to use a full-sized return union elbow. The 
number of radiator sizes available is also somewhat more 
limited than in the two previous cases, but the range 
is large enough so that these valves work all right 
on some systems. In determining the valve setting, 
use Table 7 which differs from Tables 5 and 6 in that 
the number of square feet of radiation is given in the 
margin and the settings comprise the body of the 
table. 
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TABLE 4—Capacitigs FOR Main HEATER RIseEks * 
Pips Suse—In. Caractry un Sq. Fr. 
1% Ne a! 7 
1% 89— 130 
2 130— 220 
2% 220- 325 
3 325— 528 
314 528- 770 
4 770-1000 
5 1000-1660 
6 1660-2480 ; 








a The pipe sizes for main heater risers may be larger than indicated 
in this table, but they must not be smaller. 

To determine the setting for radiator 1, locate in 
Table 7, Section 1, the column headed “7-8” and find 
on the line with 35 the number “36,” which is the 
required setting. The setting for radiator 2, may be 
selected from the column headed “7-8” in Table 7, 
Section 2. The number 63, however, is not locate: 
in the margin of the table, so by interpolation, find 
that the required setting is about 79. 

Proceeding in a similar manner, the valve settings 
may all be determined as follows: 

For 


Radiator 1 (Section 1, 35 sq. ft.) the setting is 36. 
Radiator 2 (Section 2, 63 sq. ft.) the setting is 80. 
Radiator 3 (Section 2, 22% sq. ft.) the setting is 30. 
Radiator 4 (Section 3, 31% sq. ft.) the setting is 55. 
Radiator 5 (Section 3, 33% sq. ft.) the setting is 62. 
Radiator 6 (Section 4, 57 sq. ft.) the setting is 155. 
Radiator 7 (Section 4, 57 sq. ft.) the setting is 155. 
Radiator 8 (Section 1, 60 sq. ft.) the setting is 58. 
Radiator 9 (Section 2, 86% sq. ft.) the setting is 114. 
Radiator 10 (Section 4, 75 sq. ft.) the setting is 220.’ 


How to Deal with Branched Circuits 


In Fig. 6 is illustrated a larger system than the one 


2If the valve is calibrated only up to 200 this will be near enough. 
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Taste 5—Capacities oF OriFices in SQUARE Feet or Direct RApIATION 
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i 104. |124. [109. [1 125. |148. 7129. |154. 9135. 178. }155. |185. 160. |191. 1168. 200. 1176. |210. [184. |219. | 
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February, 1930 : 
; and Air Conditioning 
Tasie 5—Capacities oF Oririces 1N SQUARE Feet or Direct Rapiation—Continued 
a: F 
= a 
os Seciion 3 Heicut Asove Mippornt oF Heaters in Feet Suction 3 5% 
o% 3% 
3 
z6 38 
AEl44/515/1616]7377]8 18 ]9 4 9 | 10] 10] 1:4 11 13 | 13 | 14 |] 14] 15 | 15 | 16 |] 16 | 17 | 17 | 18 KE 
ye Two 
CO Cesc ees eboceseicocescMecessiccecemscessicscecs eee eee eee ees cece ee see ee eee e* ee ees les . es . ees “ 
| 3.6) 4.81 4.1) 5.31 4.5 4.9] 6.4] 5.3] 6.81 5.6] 7.31 5.9] 7.81 6.2 3] 8.21 6.6 8} 8.9) 7.2) 9.2) 7.4 9.6) 7.6 9.9 ve 
M1 4.8] 6.0) 5.3] 6.7] 5.9 6.4} 8.0) 6.8| 8.61 7.3. 9.2) 7.8] 9.71 8.1 2) 10.3, 8.5 9] 11.2] 9.2) 11.6] 9.6, 12.0] 9.9) 12.4] by 
& | 6.0) 7.4] 6.7) 8.4) 7.4 8.0} 10.0} 8.6) 10.7] 9.2| 11.4] 9.7] 12.0} 10.1 3] 12.8] 10.7 2] 13.9) 11.6) 14.4] 12.0) 15.0] 12.4) 15.4] Y 
fi 7.4| 9.0) 8.4) 10.1] 9.2 10.0} 12.0] 10.7] 12.9} 11.4] 13.7] 12.0] 14.5] 12.6 8} 15.5] 13.4 9| 16.8) 14.4) 17.5) 15.0) 18.1] 15.4) 18 ‘ 
9.0] 10.7] 10.1] 12.0) 11.1 12.0] 14.4] 12.9] 15.4] 13.7] 16.1] 14.5] 17.1] 15.2 5| 18.4] 16.2 8| 20.0) 17.5) 20.8] 18.1) 21.5) 18.6) 22.2) Bt 
fi 10.7} 12.6] 12.0] 14.1} 13.2 14.4] 16.6] 15.4] 17.8] 16.1] 19.0} 17.1] 20.1] 18.0 4] 21.7] 19.2 0} 23.6] 20.8) 24.5) 21.5) 25.3] 22.2) 26.2) & 
4 | 12.6] 14.5) 14.1] 15.9] 15.6 16.6] 19.1] 17.8] 20.6) 19.0] 21.4] 20.1] 22.6] 21.1 7| 25.1] 22.6 6| 27.21 24.5) 28.2) 25.3) 29.2] 26.2) 30 Hi 
fi 14.5] 16.1] 15.9] 18.3] 17.5 19.1] 21.4] 20.6] 23.1] 21.4] 25.4] 22.6] 26.8] 24.4 1| 28.9] 26.2 2| 31.4) 28.2) 32.6) 29.2) 33.8] 30.2) 34 
16.1] 18.3] 18.3] 20.8] 20.3 21.4] 25.1] 23.1] 27.0] 25.4] 28.8] 26.8) 30.4] 28.2 9| 32.8] 30.2 4| 35.7] 32.6) 37.0] 33.8) 38.3] 34.8) 39 | 
14 | 18.3] 22.0} 20.8] 26.6] 22.2 25.1] 32.0] 27.0] 33.1] 28.8] 36.0} 30.4] 38.2] 32.0 8} 41.8) 34.2 5.7] 45.5) 37.0) 47.2) 38.3) 48.9] 39.5) 50.5) 4 
¥x | 22.0] 29.0] 26.6] 32.9] 29.4 32.0] 38.6] 33.1] 41.8} 36.0] 43.9] 38.2] 46.6] 40.2 8] 51.3] 43.7 5] 55.71 47.2) 57.9) 48.9) 59.91 50.5) 61.9) ¥ 
#s | 29.0] 33.2] 32.9] 38.2] 35.4 38.6] 42.2] 41.8] 50.7] 43.9] 54.11 46.6) 57.4] 50.3 3] 61.9] 53.6 7| 67.3] 57.9 70.0] 59.9) 72.4] 61 9 74 ( 
44 | 33.2] 37.6] 38.2] 43.6] 42.6 42.2) 55.6] 50.7] 60.0) 54.1] 63.21 57.4) 67.0] 60.4 9] 73.7] 64.6 3} 80.2] 70.0) 83.2) 72.4) 86.1] 74.6) 88 | 
4% | 37.6] 47.31 43.6] 54.4] 51.0 55.6] 64.4] 60.0] 69.5] 63.2] 74.21 67.0| 78.7] 70.5 7| 86.5) 77.0 2| 94.0) 83.2) 97.6] 86.1101. | 88.9104. | 3% 
43 | 47.3] 54.6] 54.4] 62.4] 60.0 64.4] 74.4] 69.5] 80.4] 74.2] 83.4] 78.7) 91.8] 81.0 5/101. | 90.4 0/110. | 97.6114. [101. (118. f104. [122. | 
ye | 54.6] 62.4] 62.4] 69.6] 68.1 74.4] 81.5] 80.4) 92.7] 83.4] 99.0] 91.8/105. | 97.4 114. [105. . |124, find. [129. [118. |134. 1122. 138. | 
$ | 62.4] 69.5] 69.6] 80.0] 77.6 81.5] 99.0} 92.7/106. | 99.0/116. 105. |120. f110. {1 131. ]119 142. J129. |148, ]134. /153. ]138. /158. if 
14 | 69.5] 90.1] 80.0/104. | 84.8 99 0/125. [106. |129. [116. [138. ]120. |144. [126. [1 165. 1137 180. 1148. |187. ]153. |194. [158. [200. | i, 
Ye | 90.1/111. J104. |128. }114. 125. |147. ]129. |160. ]138. 172. [144. |183. 155. 205. 1173 222. 1187. |231. [194. |239 fr 
5% |L11. |134. [128. 143. ]134 147. |178. }160. |195. 172. |207. }183. |226. [192. ep Se "4 
44 1134. |145. 1143. |172. [162 178. |211. 1195. |233. }.....]... tt 
34 1145. |148. ]172. |234. ]194 ne a RP % 
1% |148. |201. J. a % 
| | | | Ls 
18 20 | 22 | 22 | 24 | 24 | 26 | 26 | 28 | 28 | 30 | 30 | 33 | 33 | 36 | 36 | 40 | 40 | 43 | 43 | 46 | 46 | 50 | 50 | 55 | 55 | 60 
Two Z | | Two 
<= NS We eee, Oe Pay ER ....f 6.8] 9.71 7.1] 10.0] 7.5| 10.6] 7.8) 11 8.3] 11.6] 8.6] 12.1] 8.9| 12.6] 9.3] 13.2] 9.8) 13.8] 10.2| 14.5] % 
8.0 8.5] 11.0} 8.9] 11.6] 9.3] 12.1] 9.7] 12.6] 10.0] 13.0} 10.6) 13.7] 11.0) 14.4] 11.6 15.3) 12.1 15.8] 12.6] 16.4] 13.2| 17.1] 13.8) 18.0] 14.5) 18.8] xy 
\% | 10.5 11.0] 13.9} 11.6] 14.5] 12.1] 15.21 12.6 15.8} 13.0] 16.4] 13.7| 17.2) 14.4] 18.0) 15.2) 19.1] 15.8] 19.8] 16.4) 20.6} 17.1) 21.5] 18.0) 22.6] 18.8) 23.6] Ye 
& | 13.1 13.9] 17.31 14.5] 18.1] 15.2] 18.9] 15.8] 19.6] 16.4] 20.41 17.2] 21.5) 18.0] 22.5] 19.1] 23.8] 19.8) 24.7] 20.6) 25.6] 21.5) 26.7] 22.6) 28.1] 23.6) 20.4) 
fs | 16.4 17.3} 20.9} 18.1] 21.9] 18.9] 22.8] 19.6] 23.8] 20.4] 24.6] 21.5] 26.0) 22.5] 27.2] 23.8) 28.8] 24.7] 29.9] 25.6] 31.0] 26.7) 32.3] 28.1) 33.9) 20.4) 35.5 
ii | 19.8 20.9} 24.8] 21.9] 26.0] 22.8] 27.1] 23.8} 28.2} 24.6] 29.3] 26.0] 30 8 or ee ee ee) 28 O ae ot Gl a0:3] 38.4] 33.9] 40.4) 38.5] 42:31 
ve | 23.5 24.8] 29.21 26.0| 30.6] 27.1] 32.0) 28.2] 33.31 29.3] 34.5) 30.8] 36.4] 32.3] 38.0] 34.2] 40.2] 35.5) 41.8] 35.8] 43.4] 38.4) 45.2] 40.4) 47.5] 42.3) 49.7 
43 | 27.7 29.2} 33.8] 30.6] 35.4] 32.0] 37.0} 33.3] 38.5] 34.5] 39.9] 36.4] 42.0] 38.0] 44 Be Ae ee ne eee] go. 11 45.2] 52.31 47.81 54.01 40.71 57.61 Et 
i 32.0 33.8] 39.0] 35.4] 40.8] 37.0] 42.6] 38.5] 44.4] 39.9] 46.1] 42.0] 48.5) 44.0] 50.7] 46.5) 53.7] 48.4] 55.8] 50.1) 57.8] 52.3] 60.4] 54.9) 63.4] 57.5) 66.4 
36.9 39.0] 44.2] 40.8] 46.41 42.6] 48.4] 44.4] 50.4] 46.1] 52.2] 48.5] 55.0] 50.7| 57 $3: ot of 85.5] 68:2] 67-8] 65.6] 00.4] 68 9f 63.4] 72.01 60.4! 5.91 I 
\% | 41.9 44.2] 56.5) 46.4] 59.21 48.4] 61.81 50.4) 64.3] 52.2] 66.7) 55.0] 70.2) 57.6] 73.5] 61.0] 77.8] 63.2) 80.7] 65.6] 83.7] 68.5) 87.5] 72.0) 91.9] 75.3) 96.1) 34 
fr | 53.5 56.5| 69.11 59.2] 72.51 61.8] 75.71 64.3] 78.8) 66.7] 81.7] 70.2) 86.0] 73.5] 90.0) 77.8] 95.4] 80.7] 99.0) 83.7/103. | 87.5/108. | 91.9113. | 96.1118. | wy 
Ss | 65.5 69.1] 83.5] 72.5] 87.51 75.7] 91.41 78.8] 95.01 81.7] 98.6] 86.0/104. | 90.0/109. | 95.4/115. | 99.0/119. [103. [124. ]108. |129. ]113. |136. 118. 142. 
79.1] § 83.5] 99.4] 87.5/104. | 91.4/109. | 95.0/113. | 98.6/116. ]104. |124. ]109. 129. 115. |137. [119. |142. [124. [147. ]129. |154. [136. |162. [142. [169 if 
% | 94.2 99.4/117. [104. 1122. ]109. 128. ]113. 133. 116. |138. 1124. |145. }129. |152. 137. |161. [142. |167. ]147. |173. ]154. |181. ]162. |190. [169. |199. | % 
43 [111. 117.0/136. 122. |142. ]128. 1149. 4133. ]155. |138. |160. 1145. |169. ]152. |177. ]161. |187. ]167. |194. ]173. |202. ]181. |210. ]190. j221. [199. [231 .] 
ve 4129. 136. |154. ]142. |162. ]149. |169. [155. |176. [160. |182. ]169. |192. ]177. |201. [187. |212. ]194. [220. 202. |.....J210. |.....f221. esi. f....4 a 
43 1146. 154. |177. ]162. |185. ]169. 1194. ]176. |201. ]182. |209. 192. |220. J201. |.....J212. |.....J220. |..... Sin ee aie ee if 
i 168. . 4177. 1224. 185. |234. f194. |245. 201. |..... 209 220. |..... x f AM 
Am $218. |..... 4. |..... 234. Ree? See See e Ys 
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SEI 44) 515/676] 717 {18 | 8 | 9 | 9 | 10] 10 | 1 | at | 12 | 12 | 13 9 3 14] 14 | 15 | 15 | 16 | 16 | 17 | 17 | 18 JAE 
gx | 2.5) 3.3] 2.9] 3.7] 3.2] 4.21 3.5] 4.51 3.7] 4.91 4.0 2] 5.51 4.5; 5.8) 4.5! 5.91 4.6] 6.0] 4.7 4.9) 6.4] 5.1) 6.7] 5.3) 6.91 
%| 3.3) 4.1) 3.7] 4.7] 4.2) 5.2) 4.5] 5.71 4.9) 6.11 5.2 5| 6.91 5.8] 7.3] 5.9] 7.3] 6.0] 7.4] 6.1 6.4) 8.0] 6.7) 8.41 6.9) 8.7 fs 
% | 4.1] 5.1) 4.7] 5.9) 5.2] 6.5) 5.7| 7.11 6.1) 7.7) 6.5 9} 8.9) 7.3| 9.1] 7.3] 9.2) 7.4] 9.3] 7.7 8.0] 10.0] 8.4 10.4] 8.7 10.8} i 
gs | 5.1] 6.2) 5.9] 7.1] 6.5] 7.91 7.1] 8.6) 7.7] 9.2] 8.2 9| 10.4] 9.1) 11.0] 9.2) 11.0] 9.3) 11.1] 9.7 10.0} 12.1] 10.4) 12.6} 10.8) &. 
ii | 6.2) 7.4] 7.1] 8.4] 7.9] 9.4] 8.6] 10.2] 9.2] 11.0] 9.8 4| 12.4] 11.0] 13.1] 11.0] 13.2] 11.1] 13.2] 11.6 12.1] 14.4] 12.6] 15.0] 13.0) 15.5 i 
¥ | 7.4] 8.7] 8.4] 9.9] 9.4] 11.0] 10.2] 12.0] 11.0] 12.9) 11.7 4| 14.6] 13.1| 15.4] 13.2) 15.6] 13.2) 15.5] 13.8 31 14.4] 16.9) 15.0) 17.6] 15.5) 18.2 
43 | 8.7] 10.0] 9.9] 11.4] 11.0] 12.7] 12.0| 13.9] 12.9] 14.9] 13.8 6] 16.2) 15.4] 17.1] 15.6] 17.3] 15.5| 17.9] 16.3 16.9| 19.6] 17.6) 20.4] 18.2) 21.1 if 
sy | 10.0] 11.5] 11.4] 13.2] 12.7] 14.7] 13.9] 15.1] 14.9] 16.4] 15.2 2] 18.7] 17.1] 19.8] 17.3| 20.0] 17.9| 20.7] 18.8 19.6| 22.6] 20.4) 23.5] 21.1) 24.4 
48 1 11.5] 13.1] 13.2] 15.0] 14.7] 15.5) 15.1] 17.1] 16.4] 18.6] 17.6 7| 21.21 19.8] 21.8] 20.0] 22.4] 20.7| 23.5] 21.7| 24.6) 22.6) 25.6) 23.5) 26.7] 24.4) 27 aH 
Y% | 13.1] 14.8] 15.0] 18.2] 15.5] 19.8] 17.1] 20.4] 18.6] 22.4] 20.0 9] 27.21 21.8] 28.7) 22.4| 28.5) 23.5| 30.0] 24.6] 31.4] 25.6] 32.7] 26.7) 34.0] 27.6) 35.2) 14 
fs | 14.8] 18.2] 18.2] 21.4] 19.8] 22.2] 20.4] 26.8] 22.4] 29.0] 25.4 2| 33 21 28.7] 34.0] 28.5] 35.0) 30.0] 36.8] 31.4] 38.4] 32.7| 40.1] 34.0) 41.8] 35.2) 43.2] yy 
# | 18.2] 22.0] 21.4] 23.2] 22.2] 29.3] 26.8 29.0} 33.6] 31.2 9] 38 81 34.0] 41.11 35.0] 42.3) 36.8| 44.4] 38.4] 46.5] 40.1] 48.4] 41.8) 50.5) 43.2) 52.1 
44 | 22.0] 26.2] 23.2] 30.8] 29.3] 32.6] 32.4 33.6] 40.0] 36.2 8| 44.7] 41.1| 49.6] 42.3] 50.3] 44.4] 52.8] 46.5 $8.4] 57:7) 60.5) 60-1] 52:3] 02-0 ft 
3% | 26.2] 30.71 30.8] 33.2) 32.6] 38.7) 36.5 40.0] 45.0) 43.1 71 55.11 49.6] 57.31 50.3] 59.11 52.8] 62.0] 55.3) 65.0] 57.7| 67.7] 60.1] 70.5) 62.0) 72.9] %&% 
43 | 30.7] 31.6] 33.2] 38.7] 38.7] 44.6] 42.8 45.0] 55.7] 51.7 1] 62.91 57.3] 66.6] 59.1| 68.8) 62.0] 72.21 65.0] 75.6] 67.7] 78.8] 70.5) 82.0} 72.9] 84.81 4 
‘ | 31.6] 35.8] 38.7| 43.8) 44.6] 52.4] 51.3 55.7] 63.4] 60.2 9| 71.4] 66.6] 75.6) 68.8] 78.0) 72 2| 82.0} 75.6] 85.8] 78.8] 89.5] 82.0) 93.2) 84.8) 96.4 
48 | 35.8] 41.21 43.8] 46.1] 52.4] 60.11 58.1 63.4| 70.8] 66.6 4] 81.91 75.6] 82.31 78.0] 89.5) 82.0] 94.0] 85.8] 98.2] 89. 5/102. 0] 93. 2/106.0) 96.4'111.0 i 
14 | 41.2] 45.2] 46.1] 64.0] 60.1] 72.8) 64.5 70.8} 91.8] 76.4 819/105 OF 82. 3/111. 0} 89.5/113. 0} 94.0/119. 0} 98. 2/124. 0]102. 0|129.0]106.0/135.0}111.0)141.0} 34 
* | 45.2] 63.: 0| 77.6] 72.8] 79.0} 81.5/1 91.8/113.0] 98.5 105 .0|130. 0}111..0]130.0]113 .0}139. 0}119. 0/147. 0]124. 0|153 .0}129..0] 160. 01135 .0.166..0}141 0172.0} %y 
54 | 63.2| 76.3 6| 95.24 79.0/112.0]104.0 113. 0|136 .0]123 .0|137.0]130.0|146.0]130.0|157.0]139.0|168.0}147.0)177. 0}153.0 160.0} 193. 0]166. 0/201 .0]172.0/208.0} 84 
it | 76.2 5. 2/117. 0}112.0}134.0}125.0 136 .0|148.0]137.0 146. 01176. 0]157.0|187.0]168 .0]201.0]177.0|211.5]185.0 193.0]230.0}.....|.... ig me it 
84 | 97. 2/15 .0}131.0]134.0/158.0}133.0 148. 0/201. 0]163 0] 220.0176. 0/238. 0}187.0|254.0). . 4 
% [132.0115 0/191. 0]158.0/210.0}184.0/240.0}..... et aT , % 
1 }152.0 3a eee See fe * 1 
is | 20 | 20 | 22 | 22 | 24 | 24 | 26 | 26 33 1 33 | 36 | 36 | 40 | 40 | 43 | 43 | 46 «| 46 | 50 | 50 | 55 | 55 | 60 
& | 5.7] 7.31 6.0] 7.81 6.3 6] 6.9 6 10.3] 8.4 8] 11.4] 9.1] 11.8] 9.5] 12.6] 10.0) 13.0] 10.5) 13.6] & 
1 | 7.3) 9.31 7.8] 9.81 8.2 8} 9.0 9 13.0] 11.0 4) 14.3] 11.8| 14.8} 12.6] 15.5) 13.0) 16.3] 13.6) 17.1] % 
#& | 9.3) 11.5] 9.8] 12.2] 10.3 3.41 11.3 4 16.1] 13.8 3] 17.8] 14.8] 18.5) 15.5) 19.3] 16.3| 20.3] 17.1) 21.2) & 
¥y | 11.5] 13.9] 12.2] 14.8] 12.8 2) 14.1 4 19.5] 17.1 8} 21.5) 18.5] 22.3] 19.3] 23.4] 20.3] 24.5) 21.9) 25.7 
i | 13.9] 16.5] 14.8] 17.6] 15.5 9.31 17.0 6 23.2] 20.7 $33 ol 22:31 26.6f 29.4] 27.8] 24.51 29.2) 25.7] 30.04 
sx | 16.5] 19.4] 17.6] 20.6] 18.5 2.71 20.2 2 27.3) 24.6 5:6] 30.2] 26.6] 31.2) 27.8] 32.7] 29.2] 34.4] 30.61 36.0] 
ti | 19.4] 22.5] 20.6) 23.8] 21.7 2] 23.8 1 31.5] 29.0 2] 34.8] 31.2] 36.1) 32.7| 37.8] 34.4) 39.7] 36,0) 41.5 
vy | 22.5] 26 Of 23.8] 27.5) 25.1 3) 27.5 1 36.4] 33.5 8} 40.2) 36.1] 41.7] 37.8] 43.7) 39.7) 45.99 41.5) 48.( 
4: | 26.0] 29.4] 27.5] 31.2] 29.0 41 31.7 8 41.3] 38.7 2| 45.6) 41.7] 47.3] 43.7| 49.5] 45.9) 52.0] 48.0) 54.4 i 
\4 | 29.4] 37.5] 31.2] 39.8) 32.9 3.4] 36.0 9.4 52.6] 43.9 5.6] 58.21 47.3] 60.4] 49.5] 63.1] 52.0] 66.4] 54.4) 69 FI 4 
fy | 37.5] 46.0] 39.8] 48.9] 42.0 3.8] 45.9 4 64.6] 56.0 ‘91 71.41 60.4] 74.0] 63.1] 77.4] 66.4) 81.4] 69.5) 85.11 
#: | 46.0] 55.51 48.9] 59.0] 51.4 21 56.3 7 77.9) 68.7 4] 86.11 74.0] 89.31 77.4] 93.5] 81.4) 98.2] 85.1 103.0 
i | 55.5] 66.11 59.0] 70.3] 62.0 5] 68.0 5 92.8] 83.0 1/103 0] 89. 3/106. 0] 93.5/111. 0] 98.3 117.0]103.0123.0 it 
%< | 65.1] 77.8] 70.3] 82.5] 74.0 8} 70.9 1 109.0} 98. 9/116. 0]103.0/120. 01106. 0) 125. 0}111.0)131.0]117.0137.0}123 0144.0] % 
ii | 77.8] 90.5] 82.5] 96.0] 87.0 95.0 104.0 127 01116. 0/135.0]120.0/140. 01125 .0]145.0}131 0/152. 0/137.0.160.0}144.0167.0] #4 
vc | 90.5/103. 0] 96.0/109.0]101.0 111.0 121.0 144. 01135. 0/154. 01140.0/159.0]145. 0] 165.01152.0|173.0]160.0181 .0]167.0190.C] ¥ 
4 1103.0]118. 0]109.0/125.0)115.0 125.0 138.0 “0/165. 0154. 01175. 0]159 0/182. 0]165.0]190. 0173. 0/198. 0]181.0.208.0]190.0.218.0 if 
1 [118.0/149. 0}125.0/157.0]132.0 .0}144.0 158.0 -0|209..0]175.0 182. 0/230. 0]190.0|240.0]198.0/250.0].....|.....J... AK 
Ye |149.0/184.0]157.0/195.0]166.0 0/215. Of182. 0/224. 0}189.0}233.0]..... i ENE pe Re sae! Re ae PTY) as ? is 
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TABLE 6—CapPacity 1N SQuArRE Feet or Direct RADIATION OF URIFICES UESIGNED FOR VAPOR SYSTEMS 

Vapor b ne 
-} ¥ Section 1 Heicut Apove Mippornt or Heater In Feet Section 1 — 
OniFice OrtFIce 

4% 5 5 6 6 7 7 8 8 9 9 | 10] 10 | 11 | 11 | 12 | 12 | 1345 13 | 14 4 14 | 15 | 15 | 16 | 16 | 17 4 17 |: 

SRP OY SR es ee ee! eee eee eee ee 7.6 | 10.8 7.0 11.5 8.4 12. ] 8.7 12.4] 9.0 12.8] 9.3) 13.3] 9.7 13.8110. 14.4 10.4 14.@Two0-10 
0 10] 7.6 15.4 8.4 16.7] 9.0 18.0 9.7 19.4 10.4 20.4 10.9 21.4 11.5 22.4 12. | 23.9 12.4 24.6 12.8 25.6] 13.3 26.4 13.8 27.6] 14.2 28.4] 14.6 29.4 0 10 
11 | 20} 15.2 22.2 16.7 24.8 18.0 27.0 19.4 28.9 20.6 30.8 21.6 32.5 22.6 33.9 23.9 35.4] 24.6 37. | 25.6 38.4] 26.6 39.8 27.6 41.3] 28.4 42.5) 29.2 43.7, 11 20 
21 | 30 | 22.2 30.1) 24.8 33.24 27.0 35.4 28.9 38.3] 30.8 40.7] 32.5 43.0) 33.9 45.01 35.4 47.5) 37. | 49.3] 38.4 51.2] 39.8 53.1) 41.3 55. | 42.5 56.4 43.7 58.3) 21 30 
31 | 40 | 30.1) 37.4 33.2 41.0) 35.6 44.4 38.3 48.0) 40.7 51.1] 43.0 54.0) 45.0 56.6 47.5 59.3] 40.3 61.5) 51.2 64.0] 53.1 66.3) 55. | 68.7] 56.6 70.5) 58.3 72.8 31 | 40 
41 50] 37.2 44.1) 41.0 49.41 44.2 53.81 48.0 57.4 51.1 61.4] 54. | 64.51 56.6 67.9 59.3 71. | 61.5 74.0) 64.0 76.9) 66.3 79.6 68.7 82.5] 70.5 85. | 72.8 87.441 50 
51 60 | 44.1 52.2 49.4 57.5) 53.8 62.5) 57.6 66.9 61.4 71.0 64.5 75.1] 67.9 78.071. 82. | 74.0 86.1] 76.9 89.5] 79.6 92.8] 82.5 96. | 85. | 99. | 87.6102. | 51 60 
61 70] 52.2 50.4 57.5 66.5) 62.5 71.1] 66.9 76.5) 71.0 81.0 75.1 85.0 78.0 90.5) 82. 04.9 86.1 98.5) 89.5 102.5) 92.8106.1] 96. 110. | 99. 113. [102. 117. | 61 | 70 
71 | 80 | 59.2 66.4 66.5 73.7] 71.1 80.4 76.5 85.0) 81.0 92.085. | 97.4 90.5102. | 94.8107. | 98.5111. [102.5115.0]106.1120. J110. (124. [113. 128. 117. 131. | 71 | 80 
81 | 90 | 66.6 74.4 73.7 81.0 80.2 87.4 85.0 96.1] 92.0103. | 97.2108. [102. 114. 107. 119. J111. 123. [115.0128. [120. 133. [124. 138. [128. 142. ]131. 146. | 81 | 90 
91 100 | 74.2 81.0 81.0 90.5) 87.6 98.3] 96.1105. [103. 112. [108. 119. ]114. 125. [119. 130. [123. 136. [128. 141. [133. 146. [138. 151. [142. 156. [146. 160. | 91 100 
101 (110 | 81.0 89.3] 90.5 98.4 98.3107. [105. 115. [112. 123. J119. 129. [125. 134. 130. 141. [136. 146. J141. 154. [146. 159. [151. 165. [156. (169. [160. 175. [101 110 
111 120 | 89.3 97.0, 98.6107. 107. 116. 1115. 125. 1123. 131. [129. 139. [134. (146. [141. 153. 1146. 160. [154. 167. [159. 173. [165. 179. [169. 184. ]175. 190. [111 120 
121 |130 | 97.0104. }107. 115. J116. 125. [125. 132. 131. 141. [130. 149. [146. 157. [153. 164. [160. 172. [167. 179. [173. 186. [179. 192. [184. 198. [190. 204. [121 130 
131 (140 [104, |112. [115. 124. 1125. 132. [132. 142. [141. 151. [149. 160. [157. |169. [164. 176. [172. |185. [179. 192. [186. 199. ]192. 206. [198. 212. ].......... 131 140 
141 (150 1112. |120. [124. (130. 1132. (141. 9142. 151. [151. 162. 1160. 171. [169. (182. 1176. 189. 1185. 197. 1192. 205. J199. 212. ].....).....f.....)....... eee. 141 150 
161 (160 1190. |137. 1190. |137. T1141. |160. 1151. (161. 1162. (172. 1171. |183. T1183. (103. TSO. B00. TO7. B10. 9...) Bk lc Bec elec ee cfec ce cle cee be ececlecees 151 160 
161 170 [127. 131. 1137. 146. 1150. 159. [161. 171. 172. 182. [182. 193. ]192. 202. Se » RESTS SIRO RY eee Ee: EE RS ee RR OA eee 161 170 
My |... 9131. 161. 1146. |184. 1159. 201. [171. 216. 1182. 230. f193. 244. ].....)..... ve i ae 
> bees Es SS Bh win take cabdbishedhinbedes obshsewslbpeses cha 

18 | 20 | 20 | 22 | 22 | 24 | 24 | 26 | 26 | 28 | 28 | «30 | 30 | 33 | 33 «36 | 36 | 40 | 406 «(43 43 46146 50/50 55155 60 4 
diated ' Caatt Le 
pa 10.9 15.4] 11.5 16.4 12.0 16.0 12.4 17.8 12.8 18.1] 13.3 18.8 14. 19.7] 14.6 20.3] 15.4 21.8 16. | 22.6] 16.6 23.4) 17.4 24.4] 18.1 25.4 18.8 “| te ¥ 

0 | 10] 15.4 30.8] 16.2 32.4 16.9 33.8 17.8 35.3 18.1 36.2) 18.8 37 19.7 39.4] 20.3 41.3] 21.8 43.6 22.6 45.2] 23.4 46.9] 24.4 48.9] 25.6 a 26.8 53.4 0 10 
11 | 20] 30.8 46.2 32.2 48.5 33.8 50.4 35.3 52.9 36.2 54.2 37.6 56.4 39.4 59.0 41.3 61.7] 43.6 65.2 45.2 67.6] 46.9 70.1] 48.9 73.2] 51.4 76.8 53.6 80.1) 11 20 
21 | 30 | 46.2 61.6 48.5 64.4 50.6 67.4 52.9 70.5) 54.2 72.4] 56.2 75.0) 59.0 78.7] 61.7 82.41 65.2 87. | 67.6 90.2] 70.1 93.5) 73.2 97 76.8103. | 80.1 107.) 21 30 
31 | 40 | 61.6 77.0) 64.6 80.7] 67.6 84.5) 70.5 88.0) 72.4 90.4 75.0 93.4 78.7 98.5] 82.4103. | 87. 109. | 90.2113. | 93.5117. | 97.5122. [103. 128. }107. 134. | 31 | 40 
41 | 50 | 77.0 92.5) 80.7 97. | 84.5102. | 88. 106. | 90.4109. | 93.6113. | 98.5118. [103. 124. (109. 131. [113. 136. [117. 140. [122. 147. [128. 154. [134. 161. | 41 50 
51 | 60 | 92.5108. | 97. 113. [102. 118. [106. 123. [109. 126. 113. 131. [118. 138. [124. 144. [131. 152. [136. 158. [140. |164. [147. 171. [154. 179. [161. 187. | 51 60 
61 | 70 }108. 123. J113. (129. [118. 135. f123. 141. }126. 145. J131. 150. [138. 158. [144. 165. ]152. 174. [158. 181. [164. |187. [171. 195. [179. 203. [187. 214. | 61 70 
71 | 80 [123. 139. [129. 146. 1135. 152. [141. 159. [145. 163. [150. 169. [158. 177. [165. 186. [174. (196. ]181. 204. [187. 211. [195. (220. }.....).....p.......... 71 80 
81 | 00 1130. (154. 1146. (162. 1152. |169. 1159. (178. [163. 181. 1169. 188. 1177. 197. 1186. (206. [106. (218. J... |... pl cee fee cle eee epe cee ele eee epee ee- 1.81 90 
91 (100 1154. (160. 1162. 178. 1169. 186. [178. 194. [181. 199. ]188. 206. }197. 217. f.....).... Bee. ee eee cele cee cfe eee clee ees .| 91 100 

101 |110 [169. 185. 1178. 193. 1186. 202. 11904. 211. [199. 217. j..........B........ 101 110 
111 (190 1185. 201. MOB. B11. fF... 2)... 2 Bec le eee “oat ES. } a SS pea 111 120 
121 |130 }..... vee od 121 130 
131 140 ]..... ‘eee 131 (140 
141 |150 |. : 141 150 
161 (160 }.....'.. me SP y. SPR PI! iP <5 pe 151 160 
161 |170 | Two! 0-10 | meanjs that] two 0-10 ofrifices are tjo be placed fin the radiajtors, one ijn each unijon. 161 170 

» 

Vapor Section 2 Heicut Asove Mippornt or Heater tn Feer Section 2 Vapor 
RaTine RatIne 
or oF 
Onivice} 414) § 5 6 6 7 7 8 8 9 9 | 10] 10 | 11 | 12 | 12 | 12 | 1385 13 | 144 14 | 18 | 15 16 | 16 17 | 17 | 18 | Oxntrice 
"SRS Se Se Ee ey Oe Se ee ee ee A KT RSE ...f 6.9 9.7] 7.2 10.9 7.4 10.5 7.8 10.4 8. 11.9 8.2 11.4Two0-10 
0; 10] 5.8 11.4 6.4 13. 7.1 14.) 7.6 15.1] 8.1 16.1] 8.6 17 9.1 18. 9.5 18. 9.7 19.44 10.1 20.24 10.5 21. | 10.9 21.8] 11.2 22.5) 11.6 23.23 0 10 
11 203 11.6 17.3 13.0 18 14.1 20.41 15.1 22. | 16.1 24.017. 25 18. 26.8 18.8 28.1] 19.4 29.1) 20.2 30.3] 21. | 31.4] 21.8 32.8] 22.5 33.6 23.2 34.7) 11 20 
21 | 30} 17.2 22.1) 18.6 25.5) 20.4 27.8 22. | 30. | 24.1 32. | 25.5 33.7] 26.8 35.6 28.1 37.4 29.1 38.9 30.3 40.4] 31.4 42. | 32.8 43.4] 33.6 44.9] 34.7 46.3] 21 30 
31 | 40 | 22.1 28.4) 25.5 31 27.8 34.1] 30. | 37. | 32. | 39.51 33.7 42. | 35.6 43.91 37.6 46. | 38.9, 48.5) 40.4 50.5142. 52.41 43.4 54.2) 44.9 56. | 46.3 57.8131 40 
41 | 50] 28.4 33.4 31.0 37.4] 34.1 41 37. 43.8 39.5 47. . | 50. | 43.9 52.5) 46. | 55.61 48.5 58.21 50.5 60.6 52.4 63. | 54.2 65.1156. 67.41 57.8 69.5) 41 50 
51 | 60 | 33.4 38.8 37.4 42.541. | 48.3143.8 53.6147. 55 . 59. | 52.5 62.9 55.6 64.7] 58.2 67.9] 60.6 70.71 63. 73.41 65.1 75.9] 67.4 78.5) 69.5 81. | 51 60 
61 70] 38.8 44.5) 42.5 50. | 48.3 55 53.6 59.5) 55.6 63.259. 67. | 62.9 TL. | 64.7 74.4] 67.9 77.4 70.7 80.8 73.4 83.8 75.9 86.8 78.5 89.6 81. 92.5 61 70 
71 | 80] 44.5 50.8150. 56.8] 55.1 62.3] 59.5 66.6 63.2 71 . | 75.671. 80. | 74.4 82.8] 77.6 87.51 80.8 91. | 83.8 94.5) 86.8 97.7] 89.6101 92.5104. | 71 80 
81 901 50.8 56.5) 56.8 63. | 62.3 68.5] 66.6 74.1] 71.3 79 75.6 82.6 80. 90.3] 82.8 93.5) 87.5 97.31 91. 101 94.5105. | 97.7109. [101. 112. [104. 116. | 81 90 
91 100 | 56.5 62. | 63. | 68.4 68.5 75.3] 74.1 81. | 79.2 87.7] 82.6 93.1] 90.3 98. | 93.5103. | 97.3107. J101. 111. [105. 115. (109. 119. f112. 123. [116. 127. | 91 100 
101 110 | 62. 66.4 68.6 75. | 75.3 81. | 81. 89.4 87.7 95 93.1102. | 98. 107. (103. 112. J107. 117. JILL. 121. (115. (126. [119. 131. [123. 135. [127. 139. [101 110 
111 120 | 66.6 69 75 78.5 81. 89.6 89.6 98.5) 95.7104. . 10. f107. 116. [112. 122. 117. 126. 121. 131. [126. 136. 1131. 141. 1135. 146. [139. 151. [111 120 
121 130 | 69.4 74.5) 78.5 87.9 89.6 96.31 98.5104. 1104. 111. 118. }116. 124. [122. 130. 126. 136. [131. 141. [136. 147. [141. 152. [146. 157. [151. 162. [121 130 
131 140 | 74.5 81. | 87.9 90.4 96.3100. 1104. 108. f1ll. 116. 123. [124. 129. 1130. 133. 1136. 145. [141. 152. 1147. 157. 1152. 163. [157. 168. 162. 174. [131 140 
141 150} 81. 90.1) 90.6100.11100. 110. [108. 119. [116. 127. 133. 1129. 140. 1133. 147. [145. 155. [152. 162. [157. 168. [163. 174. 1168. 179. [174. 185. [141 150 
151 160 | 90.1 96. [100.1106.5110. 117. [119. 127. 127. 132. 141. 1140. 149. 1147. 156. [155. 165. [162. 172. 1168. 179. [174. 185. [179. 191. [185. 197. [151 160 
161 1701 96. 101.506.5112. [117. 124. [127. 131. [132. 140. 149. [149. 158. ]156. 166. [165. 175. [172. 182. [179. 189. [185. 196. [191. 202. 197. 209. [161 170 
vy... #102. 128. F114. 138. 1125. 152. 1131. 166. }141. 178. 190. 1159. 200. 1166. 210. [175. 221. [182. 230. [189. 239. [196. 247. ].....).....J.........  4.. 

fe 128. 151. [138. 172. [152. 189. 1166. 204. 178. 220. 234. ie ae Se ee ee ee See eee ee Visi en Ree is 
"4 FER NR EE RI SE ER ES La SS A ee ey Ree eee ee ee Oe eee ee eee 4 
“ie  . % BAP ak = eee) SE ae Bn eS Bee Gey aoe ees Ge inet fee Bee) SRR er Genel ee H 

18 | 20 | 20 22122 241] 24 267 26 28] 28 30] 30 33133 364136 40140 43143 «4 | 46 50150 55] 55 60 
——— EE GEE =e 
Two0-10 8.7 12.3] 9.1 12 9.6 13 10 14.1, 10.3 14.4 10.7 15.3] 11.3 15.9 11.8 16 12.4 17.4 12.9 18.3] 13.4 18.914. | 19.8] 14.7 20.7] 15.3 21.@/Two0-10 

0 10]12.3 24.6 12.9 25.8 13.5 27. | 14.1 28.4 14.6 29.2 15.3 30.41 15.9 31.8 16.9 33 17.6 35.2] 18.3 36.6 18.9 37.8 19.8 39.5] 20.7 41.5] 21.6 43.3) 0 10 
11 | 20 | 24.6 36.8 25.8 38.6127. 40.5) 28.2 42.7] 29.2 43.91 30.4 45.5] 31.8 47.7] 33.8 50.5) 35.2 52.6 36.6 55.7] 37.8 56.4 39.5 59.1) 41.5 62. | 43.3 64.9 11 20 
21 30] 36.8 49. | 38.6 51.5) 40.5 54. | 42.7 56.2) 43.9 58.5) 45.5 61.6 47.7 63.4 50.5 67.5) 52.6 70.2) 55.7 73. | 56.6 75.5) 59.1 78.962. 82.6 64.9 86.5) 21 30 
31 40] 49. 61.1) 51.5 64.31 54. | 67.3) 56.2 70.2] 58.5 73. | 61.6 75.6 63.6 79.5) 67.5 84.4 70.2 87.4 73. 91.4 75.5 94.3] 78.9 98.5] 82.6103. | 86.5108. | 31 40 
41 50] 61.1 73.5) 64.3 77.2 67.3) 81. | 70.2 84.41 73. 87.4 75.6 91. | 79.5 95.5) 84.2101. | 87.6105. | 91.2110. | 94.3113. | 98.5118. 103. 124. 108. 130. | 41 50 
51 60 | 73.5 85.51 77.2 90. | 81. 94.2) 84.4 99.3] 87.6102. | 91. 106. | 95.5111. [101. 118. 105. 123. [110. 127. [113. 132. [118. 138. [124. 145. [130. 151. | 51 60 
61 | 70] 85.5 98. | 90. 103. | 94.2108. | 99.3112. [102. 117. [106. 121. J111. 127. [118. 135. [123. 140. [127. 146. ]132. 151. 138. 158. [145. 165. [151. 173. | 61 70 
71. 80198. 110. [103, 116. [108. 122. [112. 127. [117. 132. [121. 137. [127. 143. [135. 152. 1140. 158. 1146. 165. [151. 170. [158. 178. [165. 186. 173. 195. | 71 | 80 
81 90 fli. 123. [116, 129. (122. 135. 127. 141. [132. 146. ]137. 152. [143. 159. 152. 169. [158. 176. ]165. 183. [170. 189. [178. 198. ]186. 207. ]195. 216. | 81 90 
91 100 1123. 135. [129. 142. [135. 148. fl4l. 154. 1146. 160. [152. 167. [159. 175. [169. 185. [176. 193. [183. 205. [189. 208. [198. 217. ].......... wens ceeeel 91 100 
101 110 [135. 147. 1142. 154. 148. 162. 7154. 169. [160. 175. 167. 182. [175. 191. [185. 202. J193. 211. ]..... Ne, SE ae, Se ae 101 110 
111 120 1147. |159. [154. 167. 1162. 176. 1169. 183. [175. 190. 1182. 197. 191. 207. J.................... 111 120 
121 130 7159. 171. (167. 180. [176. 188. [183. 197. [190. 204. [197. 212. ]..... bit 121 130 
131 140 [171. |184. 1180. 193. 1188. 202. 1197. (211. ]...........f..... at See 131 140 
ee en, ee,  P Micesliseedh sbeclnccedhscvslsceed 141 150 
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February, 1930 ; 145 
y and Air Conditioning 
TABLE 6—CapaAcities IN SQUARE Feet oF Direct RApIATION oF OrtFices DesiGNeD FoR VAPorR Systems—Continued 
Vapor Section 3 Herecut Apove Mippornt or Heater tn Freer Section 3 Vapor 
RaTInG RatTine 
or or 
Omrcze}4ig 515 616 7/7 8f8 91 9 to]10 14a w2]12 13413 44 15 16116 17417 18 | Ontrice 
Two0-10)..... ay WANE A Jes ehuha sth seusbebeed geal: phos ps alt decd a pbinn of sian ions ee Ae Ee «|... .,Twoi-10 
0 10] 4.2 8.5 4.8 9.5 5.2 10.5 5.7 11.4 6.1 12.4 6.5 13.0 6.8 13.7 7.2 14.41 7.3 14.4 7.6 15 8.2 16.5 8.5 17.1] 8.8 17.4 0 10 
11 20] 8.5 12.7 9.5 14.3, 10.5 15.3] 11.4 16.7] 12.2 18.0 13.0 19.4 13.7 20.4 14.4 21.0) 14.6 21.9 15.2 22 16.5 24.7, 17.1 25.517.6 26.3111 20 
21 30] 12.7 16.3] 14.3 18.4] 15.3 20.4] 16.7 21.5) 18.0 24.0 19.2 25.4 20.2 27.0) 21.0 28.4] 21.9 29.1] 22.8 30 24.7 32.9 25.5 34. | 26.3 35.1121 30 
31 40] 16.3 20.2 18.4 22.0) 20.4 25.4 21.5 27.9 24.0 29.9 25.6 31.7] 27.0 33.2] 28.4 34. 29.1 36.4] 30.4 38 32.9 41.1134. 42.5) 35.1 43.831 40 
41 50 | 20.2 24.4] 22.0 27.7] 25.6 30.6] 27.8 33.2 29.9 35.1] 31.7 37.51 33.2 39.81 34.9 42.01 36.4 43.4 38.0 45 41.1 49.4] 42.5 51. | 43.8 52.441 50 
51 60 | 24.4 28.4] 27.7 32.1] 30.6 34.8] 33.2 38.0) 35.1 41.9 37.5 43.61 39.8 44.6] 42.0 49.21 43.6 50.9% 45.6 53 49.4 57.551. | 59.5)52.6 61.4151 60 
61 70 | 28.4 32.5] 32.1 35.7] 34.8 39.7] 38.0 43.51 41.9 47.4] 43.6 50.5) 44.6 53.51 49.2 56.41 50.9 58.2153.1 60 57.5 65.4 59.5 68. | 61.4 70.261 70 
71 80 | 32.5 34.9 35.7 40.1] 39.7 43.6 43.5 49.51 47.4 53.41 50.5 56.9 53.5 60.21 56.4 63.2158.2 65.6] 60.9 69 65.6 74.068. 76.4 70.2 78. | 71 80 
81 90 | 34.9 38.9 40.1 43.6] 43.6 50.4] 49.5 55.01 53.4 59.24 56.9 63.2 60.2 66.4] 63.2 69.8] 65.6 73.0) 69.5 76.1] 71.4 79.4] 74.0 82.4] 76.6 85.11 78. 88. | 81 90 
91 100 | 38.8 42.6 43.6 49.6) 50.4 55.4] 55.0 60.31 59.2 64.1] 63.2 68.5) 66.4 72.6] 69.8 76.5] 73.0 80.01 76.1 83 82.4 90.41 85.1 93.588. 96.191 100 
101 110 | 42.6 47.6) 49.6 54.4] 55.4 60.5) 60.3 65.1] 64.1 70.2] 68.5 75.0) 72.6 79.5] 76.5 83.5] 80.0 87.4] 83.6 91.: 90.4 98.5) 93.5102. | 96.5105. [101 110 
111 120 | 47.6 51.5) 54.4 58.7] 60.5 64.1] 65.1 70.2 70.2 75.9 75.0 81.0 79.5 83.5) 83.5 91.0) 87.4 94.4 91.2 99 98.5107. 102. 111. 105. 114. [ill 120 
121 130 | 51.5 55.5) 58.7 63.2) 64.1 68.1] 70.2 75.8 75.8 81.0) 81.0 88.2] 83.5 93.4] 91.0 98.0) 94.6104. | 99.0106. 107. 115. f111. 119. 114. 123. [121 130 
131 140 | 55.5 59.5) 63.2 66.5) 68.1 74.1] 75.8 81.0] 81.0 88.@ 88.2 94.51 93.4100. | 98.0105. 1104. 109. [106. 114. 115. 123. 119. 127. [123. 131. [131 140 
141 150 | 59.5 63.2) 66.5 71.0] 74.1 79.2 81.0 87.9 88.6 94.5) 94.5101. [100. 107. 105. 112. [109. 116. fil4. 122 123. 132. 127. 136. 131. 140. [141 150 
151 160 | 63.2 65.5) 71.0 75.5] 79.2 82.5) 87.9 93.4] 94.5100. [101. 107. 1107. 113. [112. 116. 116. 124. 122. 129. 132. 140. 1136. 145. [140. 149. [151 160 
161 170 | 65.5 69.5] 75.5 80.0) 82.5 84.81 93.4 99.0100. 106. ]107. 113. 113. 120. [116. 126. [124. 131. [129. 137 140. 148. 1145. 153. [149. 158. [161 170 
% ....] 69.5 90.1] 80.0103. | 84.8115. | 99.0125. 1106. 131. 113. 139. 1120. 147. [126. 151. [131. 166. 1137. 173 148. 187. 1153. 194. [158. 200. | 4 
. | 90.1111. (103. 127. 115. 134. 1125. 147. [131. 157. 139. 172. [147. 183. 1151. 194. 1166. 205. [173. 214 187. 231. |194. 239 i 
5% ....J111. 134. ]127. 143. [134. 162. [147. 178. [157. 193. ]172. 207. [183. 220. [194. 232 ti ® 
44... 134. 145. [143. 172. 162. 193. ]178. (213. [193. 230. J..... 2.00000... = Hi 
34 ....1145. 200. ]172. 234. [193. 263. J.......... ‘tee pa 5 % 
18 20] 20 | 22] 22 24] 24 | 26] 26 28] 28 30/130 33133 36/136 40140 43143 46146 50] 50 55155 | 60 
Two0-1@.....|..... 7. | 9.8 7.3 10.3] 7.6 10.8 7.9 11.9 8.2 11.4 8.7 12.4 9.1 12.8 9.6 13.510. 14.1] 10.3 14.4 10.8 15.211.3 16. | 13.5 16.8Two0-10 
0 10] 9.3 18.4 9.8 19.6 10.3 20.8 10.8 21.5) 11.2 22.4] 11.6 23.2) 12.2 24.31 12.8 25.6 13.5 27.1] 14.1 28.2) 14.6 29.2 15.2 30.4116. | 32.] 16.8 33.5 0 10 
11 | 20 | 18.6 27.9 19.6 29.44 20.8 30.9 21.5 32.3] 22.4 33.5] 23.2 34.8] 24.3 36.4 25.6 38.4] 27.1 40.7] 28.2 42.1] 29.2 43.7, 30.4 45.71.32. 48. 133.5 50.1} 11 | 20 
21 30] 27.9 37.4 29.4 39.2] 30.9 41.2 32.3 43.81 33.5 44.6 34.8 46.51 36.6 48.8 38.4 51.2) 40.7 54.1] 42.1 56.2) 43.7 58.2145.7 60.8 48. 63.81 50.1 66.9 21 | 30 
31 40 | 37.2 46.4] 39.2 49. | 41.2 51.5] 43.8 53.8] 44.6 55.8 46.5 58.01 48.8 61. | 51.2 63.9) 54.1 67.4 56.2 70.21 58.2 72.4 60.8 76. | 63.8 79.71 66.9 83.5131 40 
41 50] 46.4 55.7749. 59. | 51.5 61.9] 53.8 64.4 55.8 67.0) 58.0 69.6 61. 73.3] 63.8 76.7] 67.6 81.2] 70.2 84.4] 72.6 86.4176. 91.3] 79.7 95. | 83.5100. | 41 | 50 
51 601 55.7 65. | 59. 68.5] 61.8 72. | 64.6 75.267. 78. | 69.6 81.1] 73.3 85.4] 76.7 89.4] 81.2) 94.51 84.4 98.1] 86.4102. | 91.3106. | 95. 112. 100. 117. | 51 60 
61 70] 65. | 74.41 68.5 78.4172. 82.41 75.2 86.0) 78. | 89.4] 81.1 92.8 85.4 97.4 89.4102. | 94.5108. | 98.1112. [102. 116. 106. 122. 112. 128. [117 134. | 61 | 70 
71 80] 74.4 83.6 78.4 83.3] 82.4 92.8 86. 97. | 89.4100. | 92.8105. | 97.6110. [102. 115. 108. 122. [112. 127. [116. 131. (122. 137. [128. 143. 134. 151. | 71 | 80 
81 90} 83.6 93. | 88.3 98.1] 92.8103. | 97. 108. [100. 112. 105. 116. 110. 122. [115. 128. }122. 136. 127. 141. }131. 146. 137. 152. [143. 160. 151. 168. | 81 90 
91 100] 93. 102. | 98.1108. }103. 113. [108. 118. }112. 123. ]116. 127. [122. 134. ]128. 141. 1136. 150. }141. 154. 1146. 160. [152. 167. [160. 176. [168. 184. | 91 100 
101 110 102. 112. 108. 117. [113. 124. ]118. 129. [123. 134. [127. 139. 134. 147. }141. 154. [150. 162. [154. 169. [160. 175. [167. 182. 176. 191. [184. 200. 101 110 
111 120 [i12. 121. [117. 127. 124. 134. 129. 140. 134. 145. 1139. 151. [147. 159. [154. 166. 162. 176. [169. 183. ]175. 189. ]182. 198. 191. 208 111 120 
121 130 }121. 130. [127. 137. [134. 144. [140. 150. [145. 156. ]151. 162. [159. 171. ]166. 179. ]176. 189. ]183. 196. 1189. 204. [198. 212 121 130 
131 140 [130. 139. ]137. 147. ]144. 155. 150. 161. [156. 168. [162. 174. ]171. 183. ]179. 192. 189. 203. [196. 211 131 140 
141 150 [139. 149. ]147. 157. ]155. 165. [161. 172. [168. 179. [174. 185. ]183. 195. [192 204 141 150 
151 160 ]149. 158. ]157. 167. }165. 175. [172. 183. ]179. 190. [185. 199. [195. 208 151 160 
161 170 }158. 167. ]167. 177. }175. 185. [183. 194. [190. 201. [199. 2909. |.. 161 170 
Wy ....]167. 212. 177. 223. ]185. 234. [194. 245. |. es 4 
ey ae ee pOWe. ee : : ee is 
5% |. a | " 
Ho. i 
% |. 4 
Vapor Section 4 Heieut Asove Mippoint or Heater IN Feet Secron 4 Vapor 
RaTING RaTING 
or or 
Ortrice | 4145 5—6 6—7 7—8 8—9 9—10 10—11 11—12 12—13 13—14 | 14—15 15—16 16—17 17—18 | Onirice 
0-10 | 29 5.8] 3.3- 6.7] 3.7- 7.4] 40- 8.1] 43- 87 46 9.3] 49 9.8 5.1- 10.4) 5.2- 10.5] 5.3- 10.7 5.5- 10.9] 5.7- 11.4) 5.9- 11.9] 61-123] 0-10 
11-20 | 5.8- 8.7] 6.7- 10.0) 7.4- 11.1) 8.1- 12.1] 8.7- 13.0 9.3- 13.9] 9.8- 14.7 10.4- 15.0] 10.5- 15.2] 10.7- 15.6 10.9- 16.3] 11.4- 17.0] 11.9- 17.7] 12.3- 18.4) 11-20 
21-30 | 8.7- 10.7] 10.0- 13.3] 11.1- 14.8] 12.1- 15.3] 13.0- 16.5 13.9- 17.7] 14.7- 18.9 15.0- 20.0] 15.2- 20.2] 15.6- 20.8 16.3- 21.8] 17.0- 22.8] 17.7- 23.6] 18.4- 24.5] 21-30 
31-40 | 10.7- 14.5] 13.3- 15.4] 14.8- 17.2] 15.3- 19.0] 16.5- 20.6 17.7- 21.0] 18.9- 22.6 20.0- 25.6] 20.2- 24.7| 20.8- 25.9) 21.8- 27.2) 22.8- 28.4] 23.6- 29.5] 24.5- 30.6] 31-40 
41-50 | 14.5- 15.5] 15.4- 18.1] 17.2- 20.7] 19.0- 21.3] 20.6- 23.4 21.0- 26.8] 22.6- 28.3 25.6- 30.0] 24.7- 30.3] 25.9- 31.2. 27.2- 32.7| 28.4- 34.0] 29.5- 35.4] 30.6- 36.8) 41-50 
51-60 | 15.5- 18.1] 18.1- 21.0] 29 7- 22.1] 21.3- 26.4] 23.4- 28.8 26.8- 31.0] 28.3- 33.0 30.0- 33.8] 30.3- 34.7| 31.2- 36.4 32.7- 38.1] 34.0- 40.2] 35.4— 41.3] 36.8- 42.9) 51-60 
61-70 | 18.1- 20.7) 21.0- 24.2) 22.1- 27.6] 26 4- 32.0] 28.8- 33.0 31.0- 34.1] 33.0- 36.4 33.8- 38.6] 34.7- 39.6] 36.4- 41.7 38.1- 43.5] 40.2- 45.4| 41.3- 47.3] 42.9- 49.0) 61-70 
71-80 | 20.7- 23.4] 24.2- 27.4] 27.6- 31.0] 32.0- 33.2] 33.0- 35.6 34.1- 38.4) 36.4- 41.0 38.6- 43.6] 39.6- 44.7] 41.7- 47.0 43.5- 49.0| 45.4- 51.2] 47.3- 53.3/ 49.0- 55.2) 71-80 
81-90 | 23.4- 26.0} 27.4- 30.6] 31.0- 33.2] 33.2- 36.2] 35.6- 39.6 38.4- 42.7| 41.0- 44.4 43.6- 47.0] 44.7- 49.7] 47.0- 52.3 49.0- 54.5) 51.2- 57.0] 53.3- 59.2| 55.2- 61.4) 81-90 
91-100 | 26.0- 28.4] 30.6- 33.2) 33.2- 35.5] 36.2- 39.6] 39.6- 43.5 42.7- 45.2] 44.4- 51.0 47.0- 54.0] 49.7- 54.5) 52.3- 57.4 54.5- 59.7] 57.0- 62.4] 59.2- 65.0] 61.4- 67.4) 91-100 
101-110 | 28.4- 31.0] 33.2- 33.6] 35.5- 38.7| 39.6- 43.4] 43,5- 45.8 45.2- 52.1] 51.0- 55.6 54.0- 58.9] 54.5- 59.4] 57.4- 62.6 59.7- 65.2| 62.4- 68.0] 65.0- 71.0] 67.4- 73.5| 101-110 
111-120 | 31.0- 33.0] 33.6- 36.4) 38.7- 41.9] 43.4- 44.5] 45.8- 52.6 52.1- 56.6] 55.6- 60.4 58.9- 63.2] 59.4~ 64.5] 62.6- 68.0 65.2- 71.0] 68.0- 73.8] 71.0- 77.0] 73.5- 80.0] 111-120 
121-130 | 33.0- 34.0] 36.4- 39.1] 41.9- 43.6) 44.5- 51.9] 52.6- 56.5 56.6- 60.8] 60.4- 63.5 63.2- 67.4| 64.5- 69.3] 68.0- 73.0 71.0- 76.0] 73.8- 79.4| 77.0- 82.6] 80.0- 85.6) 121-130 
131-140 | 34.0- 35.0) 39.1- 41.8] 43.6- 45.4] 51.9- 55.4] 56.5- 60.5, 60.8- 63.6] 63.5- 68.1 67.4- 72.6] 69.3- 74.3] 73.0- 78.8 76.0- 81.4| 79.4- 85.0] 82.6- 88.7| 85.6- 91.9] 131-140 
141-150 | 35.0- 36.6] 41.8- 43.6] 45.4 53.4] 55.4- 59.3] 60.5- 63.2 63.6- 68.0] 68.1- 72.6 72.6- 77.1| 74.3- 79.2| 78.0- 83.5 81.4- 87.0] 85.0- 91.0] 88.7- 94.5] 91.9- 98.0] 141-150 
151-160 | 36.6- 38.8] 43.6- 45.0] 53.4- 55.0] 59.3- 58.4] 63.2- 64.4 68.0- 70.0] 72.6- 75.2 77.1- 80.0] 79.2- 84.3] 83.5- 88.0 87.0- 92.0) 91.0- 96.0] 94.5-101. | 98.0-106. | 151-160 
161-170 | 38.8- 41.2) 45.0- 46.1] 55.0- 60.1) 58.4- 645] 64.4- 70.8 70.0- 76.4] 75.2- 81.9 80.0- 82.3] 84.3- 89.4] 88.0- 94.0 92.0- 98.0] 96.0- 102.| 101.-106. | 106.-110. | 161-170 
+4” 41.2- 45.2) 46.1- 64.0) 60.1- 72.8) 64.5- 81.5) 70.-8 91.8 76.4- 98.5) 81.9-105. 8$2.3-111. | 89.4-113. | 94.0-118. 98.0-124. |102. -131. |106.- 137. | 110.-143. y’ 
fe 45.2- 63.2) 64.0- 77.6) 72.8- 79.0) 81.5-104. | 91,8-113. | 98.5-123. |105. -130. 111. -136. |113. -138. |118. -147. 124. -153. |131. -160. |137. -166. |143. -172. fs, 
* 63.2- 76.2) 77.6- 95.2) 79.0-112. |104. -125. |113. -136. 123. -137. |130. -146. 136. -157. |138. -168. |147, -177. 153. -184. |160. -193. |166. -201. |172. -208. i 
P 76.2- 97.2) 95.2-117. |112. -134. |125. -133. |136. -148. 137. -163. |146. -176. 157. -187. |168. -201. |177. -211. 184. -221. |193. -231. ‘ P 
" 97.2-132. |117. -131. |134. -158. |133. -184. |148, -201. 163. -220. |176. -238. 187. -254. i a bawae oe oan “ 
4 132.- 152. 131. -191. |158. -210. |184. -240. |.................. rae Ph ok dik ake paula 4" 
- RR ORE DRS Ry Seats SaaS 1 
18—20 20—22 22—24 24—26 26—28 28—30 30—33 33—36 36—40 40—43 43—46 46—50 50—55 55—60 
0-10 6.5- 13.1] 6.9- 13.8] 7.3- 14.6] 7.7- 15.3] 8.0- 16.0 8.3- 16.5] 8.8- 17.5 9.2- 18.4] 9.8- 19.6] 10.1- 20.7 10.5- 21.0] 11.1- 22.0) 11.6- 23.1] 12.1- 24.1) 0-10 
11-20 | 13.1- 19.6] 13.8- 20.7] 14.6- 21.8] 15.3- 23.0] 16.0- 23.9 16.5- 24.8] 17.5- 26.1 18.4- 27.4] 19.6- 29.2] 20.7- 30.2 21.0- 31.4) 22.0- 33.0] 23.1- 34.6] 24.1- 36.1/ 11-20 
21-30 19.6-26.5| 20.7- 27.6] 21.8- 29.1] 23.0- 30.6] 23.9- 31.9) 24.8- 33.0] 26.1- 35.0 27.4~ 36.6] 29.2- 39.0] 30.2- 40.5 31.4- 42.0) 33.0- 44.0) 34.6- 46.1] 36.1- 48.2) 21-30 
31-40 | 26.5-32.5] 27.6- 35.5) 29.1- 36.4] 30.6- 38.2] 31.9- 39.8 33.0- 41.3] 35.0- 43.5 36.6~ 45.7] 39.0- 48.7] 40.5- 50.5 42.0- 52.3] 44.0- 54.8] 46.1- 57.6] 48.2- 60.2) 31-40 
41-50 | 32.5- 39.2] 35.5- 41.5] 36.4- 43.8] 38.2- 45.8] 39.8- 48.0 41.3- 49.5] 43.5- 52.3 45.7- 55.0] 48.7- 58.5| 50.5- 60.5 52.3- 63.0] 54.8- 66.0] 57.6- 69.2| 60.2- 72.5) 41-50 
51-60 | 39.2- 45.6] 41.5- 48.3] 43.8- 51.0] 45.8- 53.4) 48.0- 55.7 49.5- 57.7| 52.3- 61.0 55.0- 64.0] 58.5- 68.1] 60.5- 70.6 63.0- 73.3] 66.0- 76.9] 69.2- 80.5] 72.5- 84.5) 51-60 
61-70 | 45.6- 52.1) 48.3- 55.4] 51.0- 58.2] 53.4- 61.0] 55.7- 63.8 57.7- 66.0] 61.0- 68.6 64.0- 7.22] 68.1- 76.0) 70.6- 80.7 73.3- 84.0] 76.9- 87.8] 80.5- 92.3) 84.5- 97.2) 61-70 
71-80 | 52.1- 58.7] 55.4- 62.3] 58.2- 65.5] 61.0- 68.9] 63.8- 72.0 66.0- 74.5] 68.6- 76.1 72.2- $2.5] 76.0- 87.8] 80.7- 91.0 84.0- 94.5] 87.8- 99.0) 92,3-104. | 97.2-109. | 71-80 
81-90 | 58.7- 65.4] 62.3- 69.3] 65.5- 73.0] 68.9- 76.5] 72.0- 80.0, 74.5~ 82.9] 76.1- 85.0 82.5- 91.8] 87.8- 97.5] 91.0-101.0 94.5-105. | 99.0-110. |104. -116. |109. -121. | 81-90 
91-100 | 65.4- 71.6] 69.3- 76.0] 73.0- 80.0] 76.5- 84.5] 80.0- 87.6 82.9- 91.0] 85.0- 96.0 91.8-101. | 97.5-107. |101.0-111. 105, -115. |110. -121. |116. -127. |121. -133. | 91-100 
101-110 | 71.6- 78.2} 76.0- 83.0] 80.0- 87.3] 84.5- 91.6] 87.6- 95.6 91.0- 99.1] 96.0-104. 101. -110. |107, -117. |111. -121. 116, -126. |121. -128. |127. -136. |133. -145. | 101-110 
111-120 | 78.2- 85.0} 83.0- 90.0] 87.3- 94.8] 91.6- 99.5] 95.6-104. | 99.1-109. |104. -114. 110. -119. |117. -126. |121. -131. 126. -136. |128. -143. |136. -150. |145. -157. | 111-120 
121-130 | 85.0- 91.0} 90.0- 96.8] 94.8-102. | 99.5-107. |104. -112. 109. -116. }114. -121. 119. -128. |126. -135. |131. -141. 136. -147. |143. -154. |150. -161. |157. -169. | 121-130 
131-140 | 91.0- 97.9] 96.8-104. |102. -109. |107. -114. |112. -119. 116. -124, |121. -130, 128, -137. |135. ~146. |141. -151. 147. -158. |154. -165. |161. -173. |169. -181. | 131-140 
141-150 | 97.9-104. |104. -110. |109. -116. |114. -122. |119. -128. 124. -132. |130. -140. 137. -147. |146. -155. |151. -161. 158. -168. |165. -175. |173. -184. |181. -193. | 141-150 
151-160 |104. -111. |110. -118. |116. -124. |122. -130. |128. -135. 132. -140. |140. -149. 147. -155. |155. -164. |161. -171. 168. -179. |175. -187. |184. -196. |193. -205. | 151-160 
161-170 |111. -117. |118. -124. |124. -131. |130. -137. |135. -144. 140. -148. |149. -156. 155. -165. |164. -173. |171. -181. 179. -189. |187. -198. |196. -207 .|...... 161-170 
16” 1117. -150. |124. -158. |131. -166 |137. -174. |144. -182. 148.- 190. |156. -200. 165. 173. -.220 |181 . 189. 108, -250. |......... y” 
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just considered. It differs from it in that it has second- 
floor radiators and a branched circuit. In the case of a 
branched circuit of this sort it is probably best to ar- 
range the mains one above the other with the flow mains 
on top, as illustrated in Fig. 7, instead of side by side 
as is the usual practice. If this is not practical, the 
shorter branch may be carried over the longer one by 
means of two 45 deg. bends as illustrated in Fig. 8. If 
head room is important, as it usually is, the Y connec- 
tions may be rotated downward until the upper pipes 
lie flat upon the lower pipes. 

It will also be noticed that in some cases the con- 
struction of the building is such that the lateral portions 
of the risers require an extra turn. In cases like this, 
illustrated by radiators 2 and 6, it is best to go up with 
a 45 deg. elbow instead of a 90 deg. elbow, as illustrated 
by Fig. 9, or else make the turn with a 45 deg. elbow as 
illustrated in Fig. 10. In either case, use one 90 deg. 
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elbow and one 45 deg. elbow, where two 90 deg. elbows 
would otherwise be required. An even better arrange- 
ment, when it can be used, is to eliminate the bend and 
run the lateral portions of the risers so that one is 
directly above the other as illustrated in Fig. 4B. For 
a system of this size it is probably best to arrange the 
data as shown in Table 8. 

The numbers in column 1 of Table 8 give the radiator 
numbers consecutively beginning at the end of the branch 
farthest from the heater. The numbers in column 2 give 
the section of the line in which the radiator is located. 
The numbers in column 3 represent the height of the 
mid-point of each radiator above the mid-point of the 
heater. Thus, Radiator 11 is 8 ft. 0 in. above the mid- 
point of the heater, while Radiator 10 is 7 ft. 4 in. above 
the mid-point of the heater. The heights vary a trifle 
even among radiators on the same floor because some of 
the radiators are taller than others. The numbers in 
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TABLE 7—SETTING OF VALVES CALIBRATED IN SQUARE FEET OF RADIATION 





















































































































































Be ig, B 
a E Section 1 Heicut Asove Mippornt or Heater IN Feet Section | F E 
= =< 
a3 eh ea) i iors ee 
ZS \414-5) 5-6 | 6-7 | 7-8 | 8-9 | 9-10) 10-11}11-12| 12-13] 13-14] 14-15] 15-16] 16 17/17-18/18-20]20-22}22-24 24-26)26-28 28- slo. 33-36|36-40| 40-43 43-46 46-50 50-55 55-60 9 & 
10} 13 12 11 10 10 9 9 
15} 20] 18] 16] 15] 14] 14] 13] 13] 12] 12] 11] 11] 12] 10] 10] 9] 9] 8 
20| 27] 24] 22] 21] 20] 19] 18] 17] 16] 16] 15] 15] 14] 14] 13] 12] 12] 11 | 11] 1] 10] 10] 9] 9] 9 
25] 33] 30] 28| 26] 24] 23] 22] 21] 20] 19] 18] 18] 18] 17] 16] 15] 15] 14] 14] 13] 13] 12] 11] O12] 11] 10) 10) 9) 2% 
30] 40] 36] 33] 31] 20] 28] 26] 25] 24] 23] 22) 22] 21] 21] 19] 18] 18] 17] 17] 16] 15] 15] 14] 13] 13) 12) 12] 11| 30 
35) 47] 43] 39] 36] 34] 32] 30] 20] 28| 27] 26] 25] 25] 24] 23] 22] 21] 20 | 19] 19] 18 17} 16] 15] 15| 14| 14) 13] 35 
40) 54] 49] 45] 42] 39] 37] 35] 34] 32] 31] 29) 29) 28) 27] 26] 25] 24] 23] 22] 21) 20] 19] 18] 17] 17| 16) 16) 15) 40 
45) 61| 55 | 51] 47] 44] 42] 40] 38] 36] 35] 33] 33] 32] 31] 29] 28] 26 25 | 2 | 24] 23] 22] 21] 19] 19 18) 18 17) 45 
50} 67| 60] 56| 52} 49] 46] 44] 42] 41] 39] 37] 36] 35] 34] 32] 31] 30 28 | 28 | 27] 25| 24] 23] 22] 21|; 20| 19| 19) 50 
60] 80] 73] 67] 62] 58| 55| 53] 50) 49] 47] 44] 44] 42] 41] 39] 37] 35] 34] 33] 32] 30] 29] 27] 26] 26, 25) 23> 22) 60 
70} 93 | 85 | 78| 73| 68] 65] 62] 59] 57] 55| 52] 51] 49| 48] 45] 43] 41 | 39 | 37| 35] 34] 32| 30| 30° 29) 27| 2% 70 
80| 107 | 97] 85] 83] 78| 74| 70] 67] 65] 62] 59] 58| 56] 55] 52| 49] 47] 45] 44] 43] 41] 39] 37] 35] 34) 33) 31/ 30) 80 
90} 120 | 109 | 100 93 8S 83 79 76 73 70 66 65 63 62 58 55 53 51 | 50 48 46 44 41 39 38 37 35 34 90 
100} 133 | 121 | 111 | 104] 97) 92) 88| 84] 81] 78 | 74] 73) 70] 68| 65 | 63 | 59] 57] 55] 53) 51] 48) 46) 43] 43 41) 39 37 100 
110} 147 | 133 | 122 | 114] 107 | 101} 97| 92| 89| 86| 81| 80| 77| 75] 71 | 68] 65] 62] 61] 58| 56] 53] 50] 47| 47 45) 43) 41° 110 
120} 160 | 145 | 134 | 125 | 117] 111 | 106 | 101 | 97| 94] 88| 87] 84] s2| 78| 74| 71] 68| 66| 64] GI] 58| 55] 52] 51) 49° 47° 45 120 
130} 174 157 | 145 | 135 | 127 120 | 114 109 | 105 101 96 4 91 S89 | S4 80 77 74 72 69 66 63 60 56 55 53 51 48 130 
140} 191 | 173 | 159 | 148 | 138 | 131 | 124 | 119 | 113 | 109 | 103 | 102 | 98 96 | 91] 86| 83| 79] 77] 74| 71] 68| 64] 60| 60| 57) 55| 52) 140 
150} 205 185 | 170 | 158 | 148 | 140 | 133 | 126 123 | 117 | 110 | 109 105 103 | 97 92 89 85 83 | SO 76 73 69 65 64 61 58 56 150 
160] 218 | 197 | 181 | 168 | 158 | 149 | 142 | 135 | 130 | 125 | 118 | 116 | 113 | 109 | 104} 99 | 94] 91) 88 | 8 | 81| 77| 73] 69] 68 65 62) 60 160 
180] 245 | 221 | 203 | 189 | 177 | 168 | 159 | 152 | 146 | 140 | 133 | 131 127 | 123 | 116 | 111 | 107 | 102} 99] 96| 91] 87] 82] 78] 77) 74, 70 67° 180 
200] 273 | 246 | 226 | 210 | 197 | 187 | 177 | 169 | 162 | 156 | 147 | 145 | 141 | 137 | 129 | 123 | 118 | 113 | 110 | 106 | 101 | 97] 92| 86] 85 82° 78) 75 200 
Pree eee yet ft ett tt ttt 
aS a & 
ne SECTION 2 Heicut Apove Mippornt or Heater tn Feet Section 2 = = 
EE gs 
sa == i 2 6 So ae ee oe eC re Se <5 
AS |4'g-5) 5-6 | 6-7 | 7-8 | 8-9 | 9-10 |10-11) 11-12] 12-13] 13-14] 14-15) 15-16] 16-17] 17-18] 18-20] 20-22/22-24| 24-26] 26 28|28-30|30-33|33 36)36-40)40-43 43-46 46-50|50-55 55-60 2 & 
| | | | | | | 
10} 17) 15] 14] 13] 12] 12] 18 | | 10} 0] 9| 9 | 9| we = an | | 10 
15} 26] 23 21) 20) i] 17] 17) 16) 15 | 5} 14] 14] 13] 13] 12] 12] M1] MM] 10] 10 |} 9} 9] 9 15 
20; 35} 31] 20) 27] 25] 23] 22) 21] 2] 20 | 19] 18 | 18 | 17 | 16] 15 | | 14] 14] 13] 13] 12] 1] 1] 1) 10) 10 9) 2% 
25} 44] 39] 36] 33] 31] 29] 28 | 27 | 25] 25] 24 23| 22] 21] 20 19 | 19 | 18 | 17] 16] 16] 15] 14] 14] 13) 13) 12) 12) 2% 
30] 52] 47 | 43} 40/ 37] 35] 33] 32/] 30 30] 28; 28) 27] 26] 24) 23 | 22 | 21 20 | 20; 19] 18] 17] 16] 16; 15) 14 14) 30 
35} 63 | 56| 51] 47| 44] 41| 30] 38 | 35} 35| 33| 32 | 31) 30] 28] 27 | 26 | 25 | 24] 23] 22] 21] 20] 19] 18 18 17 16 35 
40} 71] 64] 58] 54] St} 47] 45 | 43) 41 | 39] 38] 37] 35] 34] 33 | 31| 29| 28| 27] 26] 25| 2%] 23] 22] 21 2, 19 18 40 
45} 83] 73] 66] 61] 57] 54] 51 | 49 | 46 | 44/ 43) 41) 40| 30] 36] 35] 33] 32) 31 | 30; 28] 27| 26] 2] 24 23 22 2 45 
50} 88 79 72 68 62) 59 56] 53) 51 50 48 | 46] 44 43 41 39 38 35 | 34 | 33 |} 31 30 28 27 26:25, 2 23) 5O 
60) 106 95 | 87 80 | 75 | 71 67 | 64 61 | 59 | 57 | 55 53 | 52 49 47 | 44 42 41 39 38 36 34) 33 32 30 29 28 60 
70} 126 | 112 | 102 | 94 | 88] 83] 78| 75| 72] 69] 66| 64] 62] 60) 57| 54] 52] 50) 48| 46] 44] 42] 40| 38| 37 35° 34 32 70 
80} 144 | 128 | 116 107 | 100 | 95 | 90 | 86 82 79| 76) 74] 71 69 | 65 | 62] 59 57 | 54 53 | 50] 48] 45] 44] 42 40 38 37° 80 
90 159 | 142 | 130 | 120 | 112 | 106 | 101} 96 | 92| 89] 85| 83| 80) 77] 73| 70 | 66| 64] 61 | 59} 56| 54] 51] 49| 47 45 43) 41 90 
100} 177 | 158 | 144 | 133 | 125 | 118 | 112 | 106 | 100 | 99 | 95 | 92/ 89 86] 81 | 7] 74] 71 68 | 66] 63| 60] 57| 55] 53 50. 48 46. 100 
110} 195 | 174 | 159 | 147 | 138 | 130 | 123 | 117 | 113 | 109 | 105 | 101} 98 | 95) 90] 85] 81) 78) 75] 73) 69| 66) 62] 60] 58 56 53 SI 110 
120} 212 | 190 | 173 | 160 | 150 | 142 | 134 | 128 | 123 | 119 | 114 | 110 | 106 | 103 | 98 | 93 | 39) 85| 82] 79| 75] 72] 68 | 66} 63 61 58) 55 120 
130] 230 | 206 | 188 | 173 | 163 | 153 | 145 | 138 | 133 | 128 | 123 | 120 | 115 | 112 | 106 | 1o1| 96 | 92] 89] 85| 82] 78| 74] 71] 69 66 63. 60 130 
140| 260 | 230 | 208 | 192 | 179 | 168 | 160 | 152 | 143 | 138 | 133 | 128 | 124 | 120 | 114 | 110 | 104} 99] 95 | 92 | 88] 83| 79] 76] 74 71 67 G4 140 
150] 279 | 246 | 223 | 206 | 192 | 180 | 172 | 163 | 154 | 148 | 142 | 138 | 133 | 129 | 122 | 116 | 111 | 106 | 102} 99| 94] 89] 85| 82] 78 7 72 69. 150 
160] 296 | 262 | 238 | 219 | 214 | 192 | 182 | 173 | 164 | 158 | 152 | 147 | 142 | 138 | 130 | 124 | 118 | 114 | 109 | 105 | 100} 96| 91 87|>85 st 77 74 100 
180] 332 | 294 | 267 | 246 | 230 | 216 | 204 | 195 | 184 | 178 | 171 | 165 | 160 | 155 | 146 | 140 | 133 | 128 | 123 | 119 | 113 | 107 | 102} 98} 95 91 87 83 180 
200 | | | | 225 | 197 | 190 | 184 | 178 | 172 | 163 155 148 | 142 | 136 | 132 | 126 | 119 | 113 |. 109 | 106 101 96 92 = 200 
| 
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column 4 of the tabulation represent the number of 
square feet of radiation furnished by each radiator. 
Number 11, for instance, has 160 sq. ft., No. 10 has 24 
sq. ft. and so on down the column. 

The numbers in column 5 represent the number of 
square feet of radiation that the section of the mains 
immediately preceding the radiator must carry. Thus, 
the mains immediately preceding No. 11 must carry 160 
sq. ft., the section preceding No. 10, 184 sq. ft. and that 
preceding No. 9, 249 sq. ft. Each number in this column 
is obtained by adding together the number on its left 
and the number immediately above it. Thus, 184 is ob- 
tained by adding 24 to 160, 249 is obtained by adding 
65 to 184, and 270 is obtained by adding 21 to 249. The 
only exceptions to this are 676 and 981. These represent 
the number of square feet that must be carried by a sec- 
tion immediately preceding a junction. They are ob- 
tained by adding together the numbers of square feet 
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carried by each branch. Thus, 676 is obtained by adding 
208 to 468, and 981 is obtained by adding 230 to 751. 

The numbers in columns 6 and 7 are riser sizes. They 
are obtained by selecting the sizes from Table 1 that 
correspond to the number of square feet for each radiator 
as given in column 4. The numbers in columns 8 and 
9 are the sizes of the mains for the sections whose 
capacities are given in column 5. In this system the 
height from the mid-point of the heater to the mid- 
point of the lowest portion of the mains is 3 ft. 6 in. 
Therefore, Table 2 is used to determine the sizes of the 
mains. 

The length of a branched line must always be meas- 
ured along the longest branch; consequently the length 
of the line in this case is 3 ft. +15 ft.+ 31% ft. + 
4% ft.+ 8% ft.+ 10 ft. or 72% ft. Consequently, 
the proper number of square feet is indicated in column 
3 under the column headed “70-80.” Thus, for 160 sq. 


TABLE 7—SETTING OF VALVES CALIBRATED IN SQUARE Feet or RapiaTion—Continued 
































































































































eZ « % 
E Section 3 Heicut Apove Mippornt or Heater IN Feet Section 3 = E 
| a ao 
Se EP 
we 5 1414-5| 5-6 | 6-7 | 7-8 | 8-9 | 9-10] 10-11]11-12]12-13] 13-14] 14-15] 15-16]16-17|17-18| 18-20|20-22|22-24| 24-26] 26-28] 28-30|30-33|33-36|36-40|40-43 |43-46|46-50|50-55/55~60,2 & 
10} 24] 21] 19] 17] 16] 15] 15] 14] 14] 13] 13] 12] 12] O11] 11] 10] 10 10 
15} 35] 31] 28] 24] 23] 23] 22] 22] 20] 20] 19] 18] 18] 17] 16] 15] 14] 14 13} 12] 12] 1] i] 10] 10 9 9) 15 
20} 49| 43] 39] 36] 33] 31] 29] 28] 27] 26] 25] 24] 24] 23] 21] 20] 19] 18 8| 17] 16] 16] 15] 14] 14] 13] 12] 12) 20 
25| 61] 54] 49] 45] 42] 39] 37] 35] 34] 33] 31] 30] 29] 28] 27] 25] 24] 23] 22] 21] 20) 19] 18] 18] 17] 16] 16] 15) 2 
30} 73] 65| 58] 54] 50] 47] 44] 42] 41] 39] 38] 36] 35] 34] 32] 30] 29] 28] 27] 26] 25] 23] 22] 21] 20) 20] 19] 18/ 30 
35} 90] 78| 70} 64] 60| 56] 53] 50] 48) 46) 44] 42] 41] 40] 37] 35] 33] 32] 31] 30] 29] 27] 26] 25] 24] 23] 22] 21) 35 
40| 106 | 89 | 80] 7 68 | 64] 60| 57] 55] 52] 50] 48] 47] 45] 43] 41] 39] 37] 36] 34] 33] 31] 20] 28] 27] 26] 25] 24) 40 
45| 121 | 104 | 92] 84] 78| 73] 69 | 65] 61] 59] 57] 54] 53] 51] 48] 46] 43] 42] 40] 30] 37] 35] 33] 32] 31] 20] 28] 27!) 45 
50| 125 | 110] 99 | 91] 84] 79] 7 71} 68] 65] 63] 61] 59| 56] 53] 51] 48] 48] 45| 43] 41] 30] 37] 35] 34] 33] 31] 30; 50 
60] 150 | 131 | 119 | 109 | 101 | 95 | 89] 85] 82] 78| 75] 73] 70] 68] 64] 61] 58] 56] 53] 51] 49] 47/| 44] 42] 41] 30] 37] 36! 60 
70| 181 | 157 | 141 | 128 | 119 | 112 | 105 | 100 | 96] 91] 88] 85 | 82] 79] 75] 71] 68| 65] 62] 60] 57] 55| 51] 50] 48] 46] 44] 42) 70 
so| 207 | 180 | 161 | 147 | 136 | 127 | 120 | 114 110 | 105 | 100] 97] 94] 90] 85] 81] 77| 74] 71! 69] 65] 62] 59] 57] 55] 52] 50] 48! 80 
90} 227 | 298 | 178 | 164 | 152 | 144 | 134 | 127 | 123 | 118 | 113 | 109 | 105 | 102 | 96] 91] 87] 83] 80] 77] 73] 70| 66] 64] 61) 59] 56] 54) 90 
100] 252 | 210 | 198 | 182 | 168 | 158 | 149 | 140 | 137 | 131 | 126 | 122 | 117 | 113 | 107 | 101 | 97| 93] 89] 86] 82] 78| 75] 71| 68| 65] 62! 60) loo 
110] 277 | 242 | 218 | 199 | 185 | 174 | 164 | 154 | 151 | 144 | 138 | 133 | 129 | 125 | 117 | 112 | 106 | 1o2| 98] 94] 90] 86] 81] 78] 75 | 72] 69 | 65! Ilo 
120] 310 | 264 | 238 | 218 | 202 | 190 | 179 | 169 | 164 | 157 | 152 | 145 | 141 | 136 | 128 | 122 | 116 | 111 | 107 | 106 | 98] 94] 88] 85 | 82] 78| 75 | 71. 120 
130 286 | 257 | 236 | 219 | 206 | 194 | 183 | 178 | 170 | 164 | 157 | 152 | 147 | 139 | 132 | 126 | 120 | 116 | 112 | 106 | 101 | 96] 92] 89] 85] 81] 77) 180 
140 294 | 267 | 245 | 229 | 216 | 204 | 191 | 183 | 176 | 170 | 164 | 158 | 150 | 142 | 135 | 130 | 125 | 120 | 114 | 109 | 103 | 99] 96] 92] 87] 83! 140 
150 315 | 286 | 264 | 245 | 228 | 219 | 205 | 196 | 189 | 182 | 176 | 170 | 160 | 152 | 145 | 139 | 134 | 128 | 122 | 117 | 110 | 107 | 102 | 98 | 94] 90! 150 
160 302 | 279 | 260 | 249 | 232 | 219 | 209 | 202 | 194 | 187 | 181 | 171 | 162 | 155 | 148 | 142 | 137 | 131 | 125 | 117 | 114] 110 | 105 | 100 | 95 160 
180 315 | 298 | 271 | 262 | 256 | 235 | 226 | 218 | 211 | 204 | 192 | 173 | 174 | 167 | 160 | 154 | 147 | 140 | 132 | 128 | 123 | 118 | 112 | 107 | 180 
200 326 | 303 | 204 | 274 | 262 | 256 | 242 | 234 | 226 | 214 | 202 | 193 | 185 | 178 | 171 | 163 | 156 | 147 | 142 | 136 | 131 | 125 | 119 | 200 
aS lee we 
a E Section 4 Heieut Aspove Mippornt or Heater tn Feet Section 4 b E 
% S|4!4-5| 5-6 | 6-7 | 7-8 | 8-9 | 9-10 |10-11]11-12]12-13] 13-14] 14-15] 15-16] 16-17] 17-18] 18-20] 20-22|22-24 |24~-26| 26-28] 28-30|30-33 |33-36|36-40| 40-43 | 43-46 46-50 50-55 55-60,F © 
10} 34] 30| 27] 24] 23] 22] 21] 20] 20] 19] 18] 18] 17] 16] 15] 14] 14] 13] 13] 12] 11] a1] 10] 10] 10!) 9 9 8! 10 
15} 52] 45 | 41] 37] 34] 32! 31] 30] 30] 29] 27] 26] 25] 24] 23] 22] 20] 20] 19] 18] 17] 16] 15] 15] 14) 14! 18! 12) 15 
20} 77| 65] 58] 52] 48| 45] 42] 41] 40] 38] 37] 35] 34] 33] 31] 29] 27] 26] 25] 24] 22] 22] 21] 20] 19) 18| 17) 16) 20 
25] 95] 81] 71] 64] 59] 55] 52] 49] 50] 48) 46] 44] 42] 41] 38] 36] 34] 33] 31] 30] 28] 27] 26] 25] 24! 23) 22/ 21! 2% 
30] 130 | 108 | 93] 83] 76| 70] 66] 62] 60] 57] 55| 53] 51] 49] 46] 43] 41] 39] 38! 36] 33] 33] 31] 30] 29! 27| 26! 25) 30 
35] 156 | 125 | 108 | 97] 88 2| 77| 72] 70] 67} 64] 61] 59] 57] 53] 50] 48] 46] 44 2} 39] 38] 36] 35] 33) 32) 30° 20! 35 
40} 200 | 155 | 132 | 116 | 105 | 97] 90| 85] 80] 77] 73] 70] 67] 65] 61] 58] 55| 52] 50] 48] 45] 43] 41] 30] 38) 36! 35) 33! 40 
45] 226 | 175 | 149 | 131 | 119 | 109 | 101 | 96] 90] 86| 82] 79] 76] 73| 69] 65] 62] 59] 56] 54] 50] 49] 46] 44] 43) 41) 30) 37! 45 
50] 220 | 170 | 150 | 135 | 124 | 115 | 107 | 100 | 100] 96] 91] 88] 84] 82] 76] 72] 68| 65] 63] 60] 56] 54] 51] 40] 47) 45|) 43) 41! 50 
60] 266 | 216 | 187 | 167 | 152 | 141 | 131 | 124 | 120 | 115 | 110 | 105 | 101 | 98] 92] 86] 82] 78] 75| 72] 67] 65] 62] 59] 57) 54| 52) 49! 60 
70} 310 | 251 | 218 | 195 | 178 | 165 | 153 | 145 | 141 | 134 | 128 | 123 | 118 | 114] 108 | 101 | 96| 91| 88] 84] 78] 76] 72| 69] 66! 63| 60 57! 70 
80 325 | 282 | 246 | 220 | 201 | 187 | 174 | 161 | 153 | 146 | 140 | 135 | 130 | 122 | 115 | 110 | 104] 100| 96] 90] 87] 82] 79| 76, 73) 69 66) 80 
90 300 | 234 | 226 | 207 | 194 | 183 | 181 | 172 | 165 | 158 | 152 | 147 | 137 | 129 | 123 | 117 | 113 | 108 | 101 | 98 | 92] 89] 86) 82) 78 74) 90 
100 301 | 271 | 250 | 230 | 216 | 201 | 191 | 183 | 175 | 169 | 163 | 153 | 144 | 137 | 130 | 125 | 120 | 112 | 108 | 102] 99] 95/| 91 86 83) 100 
110 300 | 274 | 254 | 234 | 221 | 210 | 206 | 193 | 185 | 180 | 168 | 158 | 150 | 143 | 138 | 132 | 123 | 119 | 113 | 109 | 104 100 «95 | 91! 110 
120 300 | 278 | 260 | 241 | 230 | 219 | 210 | 202 | 196 | 183 | 173 | 164 | 157 | 150 | 144 | 134 | 130 | 124] 118 | 114 | 109 | 104 99 | 120 
130 300 | 280 | 261 | 249 | 238 | 228 | 219 | 212 | 198 | 187 | 178 | 170 | 162 | 156 | 146 | 141 | 133 | 128 | 123 | 118 | 112 | 107 | 130 
140 301 | 281 | 268 | 256 | 245 | 236 | 2z8 | 214 | 202 | 191 | 183 | 175 | 167 | 157 | 152 | 144] 138 | 133 | 127 | 121 | 115 | 140 
150 301 | 287 | 274 | 263 | 253 | 245 | 229 | 216 | 205 | 196 | 187 | 181 | 168 | 163 | 154 | 148 | 142 | 136 130 124 150 
160 303 | 292 | 280 | 270 | 261 | 244 | 230 | 218 | 209 | 200 | 193 | 179 | 174 | 164] 158 | 152 145 | 138 | 132 | 160 
180 329 | 315 | 304 | 294 | 274 | 259 | 246 | 235 | 225 | 217 | 202 | 195 | 185 | 177 | 171 | 163 | 155 148 | 180 
200 305 | 288 | 273 | 261 | 250 | 240 | 224 | 217 | 205 | 197 | 190 | 182 | 173 | 165 | 200 
| 
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TABLE 8—ARRANGEMENT OF Data For Desicn or Hot Water 


















































SysTeM. 
«| | Gee : |E 

fa) He |e |e Arr 

Ses |g |& b |. |3 | @2/83 
e13| see lee le |bo leo | Galea! ae le | ec 
el S| e382 (88 | eles lis | s/f) oe Ee | es 
3) E| g24 38 | 38/88 Fi e5 Fal ee [ee | £2 
a8) dss |e | as |e |ge | de |2e| 28 | 28 | 66 
i 2 3 4 siel? s | 9 10 | 1 12 
11} 4 8’-0” 160 | 160 | 1% | 1% | 2% | 2% % 
10] 4 7'-4" 24 | 184 % % | 2% | 2% fy 
9} 3 8’-” 65 | 249) 1 1% | 3 3 H 
8| 3 17’°-0” 21 | 270 6g %13 3 B 
713 17’-0" 50 | 320} 1 l 3 3 * 
6} 2 17’-0" 40 | 360 % 11 3 3 a 
5| 2 7'-614" 51} 411) 1 l 3% | 3% |.... - 4 
4) 2 16’-614" 36 | 447 %11 3% | 3% |.. . # 
3] 2 17'-0” 21 | 468 % “Se OG |S Seen ee ts 
14) 3 7'-614" 93 93} 1%11%)]2 2 Se eG a) 
13} 2] 17-0" 99 | 192; 1%|1%| 2%) 3 es eee # 
12} 2 7’-6" 16 | 208 lg % | 2%) 3 wd EN # 

Junjction of Brjanche|s 

inca afar ae ae tS ee 4 pire’ 
$i. 17’-0” 50 | 726) 1 l 4 et ABE) Ree vs 
1} 1 8-414" | 25 | 751 a4 % | 4 a 3% # 
16] 4 7°81" | 126 | 125 | 1% | 136 |.....].....]..... Ey H 
15] 1 76%" | 105 | 230 | 13% | 136 |.....].....J.-.-- 2% % 
Junjction......|..... 8 EES Re 5 5 Ae eee 
No|3 &| No. 4....| 87 4..... ee & a ee. tet 





ft., find that a 2% in. flow main and a 2% in. return 
main are required. For 184 sq. ft. a 2% in. flow main 
and a 2% in. return main are needed and so on. The 
short line at the bottom of the figure is 6 ft. + 24 ft. + 
3 ft. + 7 ft., or 40 ft. long. Accordingly, use the column 


headed “30-40” to find the sizes of its mains. 





SUGGESTED VERTICAL SECTION OF MAINS 
Riser LatTerats For Lines HAvING 
BRANCH MAINS 


Fic. 7 
AND 


The numbers in column 10 are the 
sizes of the main heater risers. They 
are obtained by reference to Table 4 
as previously. The numbers in col- 
umn 11 are orifice sizes. Before these 
can be selected, the line must be di- 
vided into four equal sections. Since 
the longest branch is 72% ft. long, 





Fic. 9—Low Friction CoNnNEC- 
TIONS FOR Riser LATERAL RE- 
QUIRING A BEND 


- : 
the sections will each be 18 ft. 1 in. 
long. This distributes the radiators 


among the sections as follows: 


Section 1 contains radiators 1 and 2. 

Section 2 contains radiators 3, 4, 5, 6, 
12 and 13. 

Section 3 contains radiators 7, 8, 9, 
and 14. 

Section 4 contains radiators 10 and 11. 
In the case of the small line at the 
bottom of the page: 


Radiator 15 is in Section 1. 
Radiator 16 is in Section 4. 


Fic. 10— ALTERNATIVE Low 
Friction CONNECTIONS FOR 
Riser LATERAL REQUIRING A 


BEND 


As previously noted, the section for 
each radiator is recorded in column 2 
of Table 8. All radiators on the first 
floor except No. 1 come within the 
range of 7-8 feet above the heater ; 
consequently their orifice sizes are 
found under the heading “7-8” in the proper sections 
of Table 5. The orifice size for No. 1 is found in Table 
5, Section 1 under the column headed “8-9.” 


If it had been decided to use orifices 
for vapor systems or adjustable valves, the sizes or set- 


calibrated 
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Fic. 8—MeEtTHop oF TAKING A SHorT BRANCH OFF THE TOP 
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Fic. 11—Lay-out ror ONE BRANCH OF A THREE-STORY INSTALLATION 


The sizes of the orifices are indicated by a circle with a number inside 


tings would have been as indicated in Table 9. There 
are two features of Table 9 that require comment. It 
will probably be noticed that the valve settings are always 
equal to or larger than the largest number in the corre- 
sponding vapor orifice rating. There are two reasons 
for this. First, the orifices, as nearly as could be deter- 
mined by measurement, were correct at the upper range 
—that is, the 41-50 was actually 50, the 51-60 was 
actually 60, and so on. Thus, in comparing a valve set- 
ting to an orifice rating, attention should be given to the 
larger number in the orifice rating. Second, an orifice 
that is a little too small does no particular harm, while 
one that is too large may, to some extent, allow the riser 
pressure head to interfere with circulation. The orifice, 
therefore, is never too large, but may be as much as 
ten units too small. By taking both of the above con- 
siderations into account, it will be noted that the valve 
setting corresponding to a given orifice will nearly always 
be equal to or larger than the largest number on the 
orifice, but that it can never exceed it by more than 10. 
The second feature that requires comment is the limited 
range of the valve. None of them, so far as has been 
ascertained, can be set higher than 200. A certain 
amount of overloading will not do any harm and it is 
quite possible that these valves might be used success- 
fully on radiators requiring a setting as high as 300, but 
on the other hand, the writer would hesitate to use them 
on a radiator requiring a setting of less than 30. When 
small settings are used the orifice in the valve becomes 
a narrow slit, and, therefore, might quite probably be- 
come clogged. 

However, it is probable that the smaller settings recom- 
mended for these valves are too small because of the 
elongated shape of the orifice. There has as yet been 


no opportunity to test this experimentally, but since small 
readjustments can readily be made while the system is in 
operation, it should be easy to make satisfactory installa- 
tions using these valves. 








Systems for Buildings More than Two Stories High 

It will be noticed that in the two-story system just 
considered all the first-floor radiators were independently 
connected to the mains. This was not only convenient, 
but necessary. When using these tables every radiator 
less than 12 ft. above the mid-point of the heater 
must be connected to the mains by independent risers. 
If this is not done the lower radiators will not heat prop- 


TABLE 9—Sizes oF SETTINGS FOR OriIFICES CALIBRATED FOR VAPOR 
SYSTEMS OR ADJUSTABLE VALVES, 














Section | Hercut Asove | Se. Fr. Vapor 
RADIATOR or MID-POINT oF | RATING oF} VALVE 
| Lane or Heater § | Rapiation!) Onirick SETTING 
1] 4 8 ft.-0 in. 160 | % in. | Impossible must 
| | | use 2, or better, 3 
| | smaller radiators in- 
| stead of this large 
| | one 
10 4 | 7 ft.-4 in. 24 51-60 62 
9 3 8 ft.-0 in. 65 101-110 118 
s 3 17 ft.-O in. 21 11-20 24 
7 3 17 ft.-0 in. 50 41-50 59 
6 2 17 ft-Oin. | 40 21-30 | 35 
5 2 7 ft.-614 in. 51 51-60 | 69 
4 2 | 16ft-6%in.| 36 | 21-30 | 32 
3 2 17 ft.-0 in. 21 0-10 19 
14 3 7 ft.-6%4 in. | 93 | 151-160 169 
13 2 17 ft.-0 in. 99 | 71-80 88 
12 2 7 ft. 6 in. | 16 | 11-20 | 21 
2 l 17 ft.-0 in. 50 | 21-30 35 
l 8 ft.-414 in. | 25 11-20 24 
16 4 7 ft.-8% in. | 125 11-16 | Probably would be 
more satisfactory to 
| | use 2 smaller radia- 
| tors 
| | 
15 1 7 ft.6% in. | 105 | 101-110 | 110 
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erly. However, for radiators more than 12 ft. above 
the mid-point of the heater, any number may be con- 
nected to the same riser, provided the capacity of the 
riser is not exceeded. 

Fig. 11 shows the layout for one branch of a 3-story 
installation. For convenience the radiators have been 
numbered 11, 12, 13, 14, 15, on the first floor; 21, 22, 23, 
24, 25, on the second floor; and 31, 32, 33, 34, 35, on the 
third floor. Thus the first digit represents the floor and 
the second the riser. The line is 97 ft. long and therefore 
each of the four equal sections into which the line must 
be divided are 24% ft. long. The distance from the mid- 
point of the heater to the mid-point of the main directly 
above is 4 ft. 4 in. The calculations are made exactly 
the same as for the previous cases except that for the 
second floor radiators the radiator connections and risers 
must be considered separately. The data for this in- 
stallation are given in Table 10. 

Similar tables can be made for either the vapor rated 
orifices or adjustable valves. It will probably be noticed 
that the main risers frequently do not need to be as large 
as the mains. Except for the increased cost there is no 
objection to enlarging them. Both the appearance and 
the circulation will be improved. 


How to Improve the Circulation in Old Systems 
That Do Not Heat Properly 

It is always desirable, of course, to see the system in 
actual operation, if possible. It should be carefully 
checked to make certain that there are no air pockets 
or other defects that might prevent circulation. Next, 
by means of Table 2 or Table 3, whichever is applicable, 
check the capacity of the main to see if it is as great or 
nearly as great as it should be. If the mains are large 
enough, and they usually are, the system should be sup- 
plied with orifices according to Table 5. If the first- 
floor radiators have independent risers this will remedy 
the trouble. If the first-floor radiators do not have in- 
dependent risers, it may remedy the trouble anyway, 
but if it does not, a separate return main for these 
radiators will make them circulate and may be a cheaper 
remedy than the separate risers called for by the table. 
When the mains are too small probably the best solution 
is to run a separate line to relieve the overloaded mains. 
The one thing that should always be done is to put an 
orifice of the size indicated by Table 5 in each radiator. 

Covering the Mains 

These tables are based on the assumption that the 
mains are to be bare. Bare mains, particularly bare re- 
turn mains, help circulation by increasing the heater tem- 
perature differential without any corresponding increase 
in the radiator temperature differentials. This increase 
in the heater temperature differential causes an increase 
in its pressure head and thereby helps circulation. It has 
been found by experiment that better results are usually 
obtained when the half of the flow main farthest from 
the heater is covered because the radiators near the end 
of the line then receive hotter water. For the same 
reason it has been found desirable to cover the smaller 
flow risers and flow laterals; %4-in. and 34-in. flow risers 
and laterals give much better results when covered. Risers 
1 in. or larger are not much affected by cooling, at least 
in installations of three stories or less. The return main 
should aways be left bare throughout its entire length. 


TasLte 10—SumMMArRyY OF DaTA FoR ONE BRANCH OF A THREE- 
Story INSTALLATION. 



































3 2 a z z => = a a 
EE] | 8.2/3 le /S//e] al. |? 
Peo [ek leot| « Puss ealelalals ls 
B| ase | 2c (222) @ lezlEslc | Cielo F 
S/ 225/68 |ss3| § $ele8i)-/8/5 15/8 |e 
3 me nO eee) B se sel aie 5 = = 13 
Si5| SES | &8 moe! = seca = = lz | 
z B=5 a @es| w@ MEIZZiae | 2/2/38 ie a 
<|S| Bee | 22 |e2e°] & S|#° = & ely a! 
B/E] ge | 5s /s82| § [SE/EE) S16) 8) & |2ee8| 5 
ele| mss | de |eek| J Ekle zl a |e le |e selselé 
1j2| 3 | 4 | s5 | 6 |7]8]{o]{a|s2]13| 4] 15 
35| 4 | 25-10" | 15 ee * 
25| 4] 16-117 | 1334 | 2834 19141 %|% # 
15| 4 8’-1” 1334 %4|% # 
42% 14) 1% 
34] 3 | 25-10" | 15 %4\h % 
24| 3| 16-11" | 74% | 89% 1 |14%)1%)1% i 
14| 3 8-1” | 74% 1 |1% oF 
206 2%) 2% 
33 | 2] 257-10" | 75 1 |1% 4 
23; 2| 16-11" | 74% |149% 1 |14%)1%)1% 
13] 2 8-1” | 13% %|*% & 
3694 3 {3 
32] 1] 25-10" | 55 ; as # 
22; 1/] 16-11" | 38% | 93% % {1 |1%/1% ve 
12] 1 8-1” | 38% %j1 {1% Pv) 
501% 34| 3% 
31] 1} 25-10" | 75 1 |1% i 
21/ 1] 16-11” | 741% |149% 1 |14%/14)1% 4 
11} 1 8-1” | 74% 724% |1 |1% 4 |4 |3}" 33° * 












































a May be replaced by 4 in. risers if so desired. 


If it is desired to construct a system having an un- 
heated basement making it necessary to cover both pipes, 
the same tables can be used, provided the line is divided 
into three equal parts instead of four. The fourth sec- 
tion is the one to be eliminated. The effect of this change 
is to put increased friction into the radiator circuits 
which tends to prevent them from interfering with each 
other and thereby enables the reduced pressure head of 
the heater to keep the water moving through the mains 
as it should. 


Systems Having Sealed Expansion Tanks 


Although these tables were designed primarily for sys- 
tems having open expansion tanks, they will work equally 
well for systems having sealed expansion tanks. If it 
is desired to design a system that will run on a lower 
temperature differential, this can be done by multiplying 
the number of square feet for each radiator by some 
constant greater than one, such as 1.5, before beginning 
to make a tabulation of the data. 


Precautions to Be Observed 


1. Be sure the mains are large enough, as straight 
as possible, and installed carefully enough to preclude 
the possibility of air pockets. 

2. Be sure that all radiators less than 12 ft. above the 
midpoint of the heater are connected to the mains by in- 
dependent risers. 

3. Make the lateral portions of the risers as straight 
as possible. 

4. Do not bunch too much radiation in the fourth 
section of the line. See that the first and second sec- 
tions get a fair share of the radiation, even if it is neces- 
sary to make these two sections a trifle longer than they 
should be. When a riser comes on the border line be- 
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tween the two sections, it should always be placed in 
the section nearer the heater. 

5. Some contractors make a practice of increasing 
the size of radiators at the end of the line farthest from 
the heater in order to compensate for poor circulation. 
When using these tables that should not be done, because 
every radiator can be counted upon to deliver about 
150 B.tu per hour per square foot when the water is 
leaving the heater at 200 F. If the sizes of some of 
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secke and Smith published in the A. S. H. V. E. Jour- 
NAL, June, 1929. In this paper it was pointed out that 
the principal cause of cold radiators on the end of a line 
was the high pressure built up in the return main by the 
radiators nearer the heater. This fact is so important 
that to ignore it is to invite almost certain failure in 
certain parts of the system. Just how it affects the 
calculation of pipe sizes may be seen from the following 
considerations. 

When making calculations on hot water 


—S a heating systems it seems to have been, cus- 
- - = eA tomary to assume that the flow through 
the mains was caused by the difference in 
Hot light 4 Cool Heavy ad opt pea 
~ weight of two columns of water extending 
water t Water . 
from the middle of the heater to the middle 











of the radiator. For underfoot distribution 















































Hot systems this particular assumption cannot 
light be justified and has undoubtedly been one 
water t Cool of the causes of disappointing performance. 
|} Heavy In order to make a radiator start in the 

: Water Fic. 12—OPPosinG PRESSURE right direction it is necessary that the pres- 
e ee 8 HEATER AND cure in the flow main at the point of junc- 

~— TEER CS tion with the flow riser be higher than 

the pressure at the corresponding point 

in the return main. If the pressure in the 

return main is higher the radiator will start 

the radiators are increased, the house will not be uni-  hackward. It will also be sluggish and never really hot. 


formly heated. 

6. Finally, be sure to put an orifice of the proper 
size in every radiator. The omission of a single orifice 
may be sufficient to cause a great deal of trouble. 

7. It is a good plan to cover all % in. and % in. flow 
laterals and risers as well as about 1/3 or % of the flow 
main beginning at the end farthest from the heater. 


How the Tables Were Calculated 


In making the tables a special effort was made to 
accomplish the following things: 

1. To make sure that the radiators at the ends of 
the lines would get as hot as those near the heater, no 
matter how long the lines were. 

2. To make sure that the radiators on the lower 
floors would get as hot as the radiators on the upper 
floors. 

3. To provide a safety factor so large that the cir- 
culation would be very good, even though the system 
was somewhat overloaded as, for instance, by adding a 
radiator or two after the installation had been com- 
pleted. 

4. To make the tables as simple as possible, es- 
pecially those portions that relate to pipe sizes. 

It has been impossible to test the tables experimentally 
through their entire range, but the tests that have been 
made have been so very satisfactory that the first three 
aims have been very largely realized. It is hoped that 
the fourth will also be accomplished. Attempts to pro- 
duce simple tables have cost more labor than any other 
tactor. 


Why Radiators at the Ends of Lines Frequently Do 
Not Heat Well 

In order to make clear the method of producing strong 

circulation through the radiators on the ends of the lines, 

it will be necessary to refer briefly to a paper entitled 

“Pipe Sizes for Hot Water Heating Systems” by Gie- 


It is very important then to keep the pressure in the flow 
main higher than the pressure in the return main. Fig. 
12 shows that the pressure head of the heater does tend 
to raise the pressure in the flow main. The cool, heavy 
water in the return heater riser tends to force water 
into the bottom of the heater and out of the top, thus 
producing the desired higher pressure in the flow main. 

As to the radiator, the cool, heavy water is flowing 
directly into the return main, thereby tending to increase 
the pressure in exactly the wrong place. The conclusion 
is, therefore, that except for its own particular circuit, 
the pressure head generated in a radiator and its risers, 
instead of helping circulation, is a great disturbing in- 
fluence. The problem of insuring good circulation is, 
then, two-fold. 

1. The resistance of the mains must be low enough 



































P[opper 
Radiat. - 
' 
Light { 
—_—n 
Hot | Cool 

Woter eavy 

{ Water 
Lower ' 
Light a 
ot — : 

Water { Coo! 
; eavy 
| Woter 
{ 

Heater H 
—_ 
Fic. 13—Opposinc PressurE HEADS IN A 
RISER 








152 Heating Ptping 


so that the heater pressure head alone is great enough 
not only to overcome all the friction in the mains, but 
also to leave a surplus large enough to insure that 
throughout the entire length of every line the pressure 
in the flow main shall be higher than the corresponding 
pressure in the return main. 

2. The friction head in every radiator circuit must 
be great enough not only to absorb all its own pressure 
head, but to absorb, in addition a pressure head equal to 
the difference in pressure between the mains at the points 
where its risers join the mains. 


Why Radiators on Lower Levels Frequently Do Not 
Function Well When Connected to the Same Riser 
with High Radiators 


Having located the trouble with radiators at the 
ends of lines, consider some of the difficulties that be- 
set first-floor radiators. In order to make the ex- 
planation as clear as possible, note that the line 
in Fig. 13 has two valves in it, one near the top 
and the other near the bottom. Under normal con- 
ditions the flow riser on the left will be full of 
light, hot water and the return riser on the right 
is full of cool, heavy water. Now, if the upper valve 
is closed, it is evident that the cool, heavy water 
column in the return riser will displace the column 
of light, hot water in the flow riser and the radiator 
will circulate strongly in the right direction. Sup- 
pose the upper valve be opened and the lower one 
closed. The cool, heavy column of water in the re- 
turn riser now tends to flow backward through the radi- 
ator, just the opposite of its former action. From this it 
is apparent that the two columns of water below a radi- 
ator tend to make it flow in the right direction, while the 
columns above it tend to make it flow in the wrong di- 
rection. It is evident that if the lower radiator is to cir- 
culate properly, the head generated by the water columns 
above it must be neutralized by adding friction to the 
upper radiator. Similarly, the friction in the lower pipes 
should be as small as possible. 

Unfortunately, in any actual circuit there are neces- 
sarily a number of bends just below the floor. In order 
to remedy this situation it was decided to choke the 
higher radiators by means of orifices, but calculations 
showed that this alone was not sufficient. There were 
two other things that could be done: 

1. Make the lower portions of the risers very large. 

2. Avoid placing radiators in the danger zone, but 
connect all radiators below a certain safe level to the 
mains by separate risers. 

From the standpoint of calculations the first alterna- 
tive was more simple, but from the standpoint of the 
tables required it was complicated. Also, it seemed prob- 
able that the second method would give a better appear- 
ing installation. 

It will be noticed that the problem of the low radiator 
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is very similar to the end-of-the-line radiator. In each 
case a pressure head from some other radiator or radia- 
tors is producing interference, and the remedy is two- 
fold: 

1. As far as practicable neutralize the conflicting 
head by friction. 

2. Preserve the strength of the favorable pressure 
head as far as possible by means of low resistance, or, 
if this for some reason is undesirable, so arrange the 
system that no radiators will be connected between points 
where the pressure is negative. 

As far as the mains were concerned, little difficulty 
was experienced. It was assumed that the heater, its 
main risers and fittings, including the turns at the tops 
of the main risers, would absorb 20 per cent of the avail- 
able pressure head. The capacities given in Table 4 
were thus easily selected. It was further assurned that 
30 per cent of the heater pressure head was to be avail- 
able at the ends of the lines. This left 50 per cent to 
be dissipated in friction in the mains. Accordingly, it 
was assumed that the mains might have four turns in 
addition to those already accounted for in the heater con- 
nections and the values were calculated for Tables 2 and 
3 accordingly. 

Since it was considered desirable to leave the mains 
bare in order to heat the basement, it was inevitable that 
the water should be somewhat cooled before reaching 
the farthest radiators. In order to compensate for this 
it was decided to run the radiators in the different sec- 
tions of the line at various temperature differentials. 
The radiators in Section 4 operated on a 25-F dif- 
ferential; those in Section. 3 on a 30-F differential ; 
those in Section 2 on a 35-F differential, and those 
in Section 1 on a 40-F differential. This makes the 
average temperature of all the radiators about the same 
and they should all deliver about 154 B.tu per hour 
per square foot of radiation when the water is leaving 
the heater at 200 F. 

The risers all have a friction head of about 16 mill 
inches per foot, including both pipes. This applies only 
to the vertical portions. The crooked portions in the 
basement have a somewhat high and irregularly varying 
resistance. This makes the pressure to be absorbed by 
the orifices also an irregular variable so that the capaci- 
ties cannot be checked by plotting a curve, except for 
the higher radiators. 

It was through the kindness of Prof. C. W. Crawford, 
head of the Department of Mechanical Engineering and 
Prof. M. V. Brewer of the same department that it was 
possible to find a place to install the three story experi- 
mental plant. In a recent test on this plant with one-half 
the flow main and the smaller flow risers covered, the 
hottest radiator in the system was only 8% F hotter than 
the coldest. The average temperature was a trifle over 
170 F. 























Suggested Method of Testing Unit 
Heaters Suitable for Field Use 


By L. S. O’Bannon', Lexington, Ky. 
MEMBER 


of most observers that the warm air leaving the unit 

does not have a uniform temperature or velocity. 
The average of the readings of several thermometers lo- 
cated at the discharge outlets may not give the true aver- 
age temperature of the total weight of air discharged. 
Instances have been reported, however, where satisfac- 
tory temperature readings have been made in this way 
but these instances seem to be exceptions. Accuracy in 
observing the final temperature of the air is vital to the 
condensate-temperature rise method of computing air 
volume. If this method is used it is necessary either to 
obtain a weighted average, which requires the determina- 
tion of velocities, or to force a uniform temperature by 
providing some means of mixing the air. The latter 
system is generally favored. The weighted average 
method is seldom attempted. 

It is the purpose of the writer to describe a method 
by which the air volume output may be obtained ac- 
curately with a minimum amount of auxiliary equipment. 
The method may be used in the laboratory or in the field. 
It is especially recommended for field tests, first, because 
of its simplicity, and second, because its simplicity is not 
secured by sacrificing accuracy. 

The method has been named the condensate-nozzle 
method. The underlying principles are the same as those 
upon which the condensate-temperature rise method is 
based. The heat output of the unit is found in the usual 
manner by measuring the steam condensing capacity of 
the heater. Air volume outputs are computed indirectly 
from the temperature rise and the heat given up by the 
steam. The distinctive feature of the condensate-nozzle 
method is the graphical means employed to arrive at 
certain unobserved final temperatures. The procedure 
is as follows: 

Let it be required to obtain for three different fan 
speeds, say 1750, 1160 and 870 r.p.m., the heat output, 
air volume output and final air temperature of a unit 
heater of the draw-through type illustrated in Fig. 1. The 
steam pressure is to be 5 Ib. per square inch. The unit is 
arranged for a heat output test as shown, and, it should 
be noted, is free from any abnormal restrictions to air 
flow. 

Three heat output tests are made, as near the specified 
speeds as possible. Let it be assumed that these tests 
yield the data as given in Table 1, Section A. No ob- 
servations of final temperature were made and therefore 
it is impossible to calculate the air volume output. 

The next step is to remove the diffusing outlets of the 
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unit and place in their stead a venturi-shaped nozzle as 
shown in Fig. 2. The inlet section of the nozzle covers 
all the outlets of the unit. The throat has a relatively 
small diameter sufficient to cause an air velocity of 1,000 
f.p.m. or more as determined from the lowest air volume 














Fic. 1. Unrt HEATER ARRANGED FoR Heat Output Test with- 
oUuT ANY ABNORMAL REstTRICTIONS TO AiR FLow 


output anticipated. The purpose of the diverging outlet 
cone is to reduce the over all resistance of the nozzle. 
Four thermometers are inserted at the throat section for 
measuring the final temperature. Three more tests are 
now made with results as shown in Table 1, Section B. 


If the data of tests 4, 5 and 6 are used to plot a curve 
showing the relation between final temperature and heat 
output this curve can be referred to, to obtain the final 
temperatures for tests 1, 2 and 3. However, the re- 
lation between heat output and final temperature varies 
with the entering air temperature. Therefore it is neces- 
sary to reduce the data of tests 4, 5, and 6 to the same 
entering air temperature as tests 1, 2 and 3. This re- 
quires three separate transformations since the values of 
the entering air temperature for the first three tests are 
not the same. Leaving the method by which the trans- 
formations are made for later discussion, Table 1, Sec- 
tion C, gives the corrected values. 


The curves are plotted as shown in Fig. 3. The final 
temperatures corresponding to the heat outputs of tests 
1, 2 and 3 are read from the curves, thus completing the 
data of these tests as shown in Table 1, Section D. Since 
an entering air temperature of 60 F is used as a basic 
temperature for the purpose of rating, the transforma- 
tion to this base may be made most conveniently at this 
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stage before continuing the calculations. The con- 
verted figures are given in Table 1, Section E. 

The air. volume outputs are now calculated. The 
curves are plotted as shown in Fig. 4, giving the rela- 
tions between fan speed, the volume of air in cubic feet 
per minute, the final temperature and the heat output in 
B.tu per hour. It only remains to select from these 
curves the proper values corresponding to the three fan 
speeds specified at the beginning. The results are sum- 
marized in Table 1, Section F. 

If it had been required to find the output of the unit 
at only one speed, for example, at the rated speed of an 
alternating current motor, the three points required for 
the curve in Fig. 3 could have been obtained just as 
readily by dampering the air flow at the outlet of the 
nozzle or by inserting orifices at the throat. 

Although the diverging cone of the nozzle helps to re- 
duce the over-all resistance and minimizes the hazard 
of extrapolating to get the final temperature at the maxi- 
mum output, this cone is not essential. If there is some 
means available for increasing the normal speed of the 
fan, it is possible to exceed the normal maximum output, 
eliminating extrapolation entirely and permitting the use 
of a nozzle of higher resistance. A substitute motor of 
higher speed may be used; a d-c motor may be run 
for the short period of the test at a few hundred revolu- 
tions above its normal speed; an auxiliary motor with 
belt drive may be used. 

It should be noted especially that this method is not 
dependent upon the accurate reproduction of free de- 
livery conditions within the confines of the duct placed 
over the outlets. The method does not prohibit the use 
of an auxiliary fan to overcome the resistance of the 
collecting nozzle or to exhaust the heated air out of the 
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Taste 1. SumMary or Test Data 
AIR 
Te Fan INLET OvTLetT oe VotumE 
Secrion ag SPEED AIR Air a é CU. FF. FER 
™ R. P. M. Teme.—F. | Temp.—F. is 7 MIN. AT 
. PER HOUR Pause 
1 1751 fk 2S See 182,900 
A 2 1184 _ gas eer 135,500 
3 788 Mae Spcabse ee ee 
4 1752 68.9 133.0 205,300 
B 5 1175 69.7 139.8 153,400 
6 794 74.1 149.2 109,600 
4 1752 87.9 145.1 179,600 
5 1175 87.9 150.6 134,800 
6 794 87.9 156.7 99,200 
4 1752 87.8 145.0 179,600 | 
Cc 5 1175 87.8 150.5 134,800 
6 794 87.8 156.6 99,200 
4 1752 90.7 146.8 175,600 
5 1175 90.7 152.3 132,000 
6 794 90.7 158.3 97,200 
1 1751 87.9 144.9 182,900 
D 2 1184 87.8 150.5 135,500 
3 788 90.7 158.2 97,600 
1 1751 60 126.8 221,000 3403 
E 2 1184 60 133.8 164,000 2310 
3 788 60 141.3 120,900 1567 
1750 60 126.8 221,000 | 3390 
F 1160 60 134.2 162,000 | 2280 
| 870 60 139.7 | 130,000 1720 











test room, but the method emphasizes the fact that the 
auxiliary fan is not essential from the standpoint of 
totally equalizing or balancing the resistance of the 
nozzle; furthermore, the method is not concerned with 
the volumetric proportions of the nozzle, or other mix- 
ing device which may be substituted for it. 

Attention has been called to the suitability of this 
method for field tests. While there may not be much 
demand for field tests of unit heaters there may be in- 
stallations where ventilation is of prime importance; and 
outside air connections, mixing dampers and filters may 
impose frictional resistance materially affecting the air 
volume. In such instances it may be desirable to have a 
relatively simple and inexpensive method by which the 
air volume output may be accurately determined. Even 
in cases of this kind, a field test designed to determine 
air volume especially is not necessary if the unit in 
question has been tested according to the rules of the 
Industrial Unit Heater Association. Because, as the 
foregoing discussion bears out, it is only necessary to 
measure the steam condensing capacity of the unit and 
the entering air temperature in order to obtain the air 
volume if there is already available reliable information 
in the form of curves or catalogue data showing the re- 
lation between air volume and heat output. The majority 
of catalogues furnish these data. That is to say, if a 
unit heater is operating under abnormal restrictions to 
air flow, either at inlet or at outlet or both, the air 
volume output may be obtained by measuring the con 
densation rate of the unit and referring the heat output 
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manner of converting the test data from 
one entering air temperature to another 
was not discussed. Several investiga- 
tors have shown that the air volume at 
the fan of a unit heater remains con- 
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stant for a given speed regardless of 
changes in inlet air temperature and 
steam temperature. This law can be 
used to derive formulae by which the 
final air temperature and heat ouput 
may be converted from one set of con- 
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ditions to another. The derivation of 
these conversion formulae for a draw- 
through heater is as follows: 
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Fic. 3. RELATION BETWEEN FINAL A1lR TEMPERATURE AND Heat Output 


to a curve derived from the manufacturer’s catalogue 
data. 

It would seem, therefore, of little use to have a 
method simple enough and inexpensive enough to take 
to the field. On the other hand, the availability of such 
a method may be welcomed by contractors, purchasers 
and consulting engineers. The method is also suitable 
for the occasional testing which may be undertaken in 
private laboratories or institutions where the extent of 
the work would not justify more elaborate equipment. 

Contrasting this method with the direct measurement 
of air volume by Pitot tube or other flow meter and 
with the method of artificial reproduction of free de- 
livery, the advantages are: 

Small amount of test equipment required. 

Minimum amount of test labor required. 

Minimum floor space required. 

Relatively inexpensive, quickly set up, and readily 

adapted to the occasional test in laboratory or field 

as contrasted with the more elaborate and per- 

manent set-up probably more convenient for rapid 

routine testing. 

5. The air volume output, although obtained in- 
directly, is the volume produced without abnormal 
restrictions to air flow. 


who 


The disadvantages are: 

1. No single test is complete in itself. 

2. At least three extra tests are required regardless 
of the number of fan speeds specified for which 
data are wanted. This is time-consuming and is a 
serious objection where a large amount of routine 
testing is performed. 

3. Except under favorable circumstances, inability 
to get rid of heated air in the test room. 

4. Unless special attention is given to their design, 
individual nozzles are not adaptable to a range of 
unit heater sizes or shapes. 

Fig. 5 illustrates other applications of the nozzle. On 
account of the relatively small surface area of the nozzle 
between the heater and the throat section, insulation is 
not very important, but the loss should not be disre- 
garded and plenty of insulation should be provided. 

In the preceding explanation of the test method, the 


ce Let OQ = Heat output, B.tu. per hour 
W = Weight of air, pounds per 
770 190 hour 


Vy» = Volume of air at fan, cubic 
feet per min. 

C, = Specific heat of air 

U = Coefficient of heat transmission 

S = Heating surface 

T; == Steam temperature, degrees Fahrenheit, ab- 


solute 

Ty = Final temperature of air, degrees Fahren- 
heit, absolute 

T, = Entering temperature of air, degrees Fah- 


renheit absolute 
d = Density of air 
Subscript—/ refers to some known initial condition. 
Subscript—2 refers to a second condition to which the 
first is to be converted. 
Then: 
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Fic. 4. Curves SHow1nG RELATION BETWEEN FAN Speen, HEAT 
Output, Arr VotuME AND FINAL TEMPERATURE 
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Combining (2) and (3) with (1): 
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But the volume at the fan remains constant. 
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Also, from the familiar heat transmission formula, 
QO = US6m, in which 6,, is the logarithmic mean tempera- 
ture difference: 
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Assuming U; == U2 and equating (7) to (5) we have 
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Rearranging equation 8: 
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It is apparent therefore, that for any given heater and 
fan speed: 
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Making use of this relation, charts or tables can be 
constructed by means of which the new final temperature 
may be found corresponding to any new entering air 
temperature or steam temperature. After finding the 


new final temperature, equation (6) can be used to find 
the new heat output. 


is a constant. 





Similarly, for a blow-through unit heater, the follow- 
ing relation is obtained: 
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The transformations involved in the example of test 
calculations described in the foregoing were made by 
means of the function just derived for draw-through 
heaters. It would have been simpler but not quite cor- 
rect if the conversions had been made according to the 
assumption of constant mass velocity using the familiar 
relations 


QO; Tr, — Te, Ts, — T®, 
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Using the constant mass formula, all of the tests could 
have been converted immediately to equivalent conditions 
at an entering temperature of 60 F and the intermediate 
steps made necessary by the constant volume method 
would have been unnecessary. 














Tests of Disc and Propeller Fans 


By A. 1. Brown:, Columbus, Ohio 
MEMBER 


LONG with the industrial growth of recent years 
there has developed a greater need for fans for 
man-cooling and for the removal of fumes and 

obnoxious gases in industrial plants; greater needs 
for the cooling of offices, restaurants and kitchens 
have also been realized. These needs have been 
filled largely by the increased application of fans 
of the disc and propeller types, and as a result of 
the increased demand a number of new designs of 
fans of these types have been developed. Prominent 
among the newer designs are the fans of the propeller 
types having blades similar in shape to the airplane 
propeller. 

In many installations considerable saving in power 
consumption has been effected by the replacement 
of centrifugal fans by disc fans, and in other cases 
opposite results have been found, and many contro- 
versies have arisen as to the comparative perform- 
ances of the various types and designs. 

Reliable performance data for centrifugal fans are 
available but similar data relating to disc and propel- 
ler fans are limited, especially in the case of fans 
of the airplane propeller type. 

Object 

The purposes of this paper are two-fold: (1) to 
note and discuss some observations which the writer 
has made in the testing of disc and propeller fans, 
and (2) to present typical data and performance 
curves for fans of the airplane propeller type. 

The observations herein noted are based on com- 
mercial tests of fifteen or more fans of various sizes 
and designs which have been conducted in the Me- 
chanical Engineering Laboratory of the Ohio State 
University, and the data are presented on subsequent 
experimental work which is the outgrowth of these 
commercial tests, and which is now in progress as 
a project of the Engineering Experiment Station of 
the same University. 


Fan Ratings 


The most favorable field of service for disc and 
propeller fans is in moving relatively large quan- 
tities of air against small resistances, as in this field 
they are generally less costly than the centrifugal 
fans and occupy less space. Certain disc and propel- 
ler fans are designed especially for moving small 
quantities of air against higher resistances, but the 
majority are found in the former field of service and 
the manufacturers therefore usually rate their fans 
on the basis of their free air capacity in cubic feet 
per minute, and the accompanying speed in revolu- 
tions per minute and power input in watts or horse- 
power. 
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A little study of these ratings will show some in- 
teresting comparisons and some gross errors or ex- 
aggerated claims, based, no doubt, upon the results 
of inaccurate methods of air measurement, and in a 
few cases with no apparent basis other than that Manu- 
facturer A believes his fan to be superior to that of 
Manufacturer B and therefore feels justified in publish- 
ing ratings which are somewhat more optimistic. 


As an illustration of widely different claims for 
fans of similar design, the following is noted in the 
catalog data published by two manufacturers. The 
first, a large manufacturing concern with an exten- 
sive research department, rates their 36 in. fan at 
10,700 ¢c.f.m. when running at 945 r.p.m. with an 
input of l hp. The second, a smaller and less widely 
known concern, rates a smaller fan, their 24 in., at 
a displacement of 35,000 c.f.m. when running at 1,200 
r.p.m. with the same input of 1 hp. If by displace- 
ment the manufacturer means the rated air capacity, 
the capacity of the latter fan is claimed to be 3.27 
times that of the former. The first manufacturer 
further claims for his fan an efficiency of 31 per cent 
for free discharge. The second manufacturer pub- 
lishes no values of efficiency but if he had done so on 
the basis of his published ratings he would have had 
to claim an efficiency for free discharge of over 
3,000 per cent, as shown by the following analysis. 


Power Required by a Perfect Fan 


If a fan could be made to operate without any 
losses, such as those due to eddy currents, air friction 
and leakage, the power input would be equal to the 
power required to move the air against the existing 
pressure. The power required to move the air as ex- 
pressed in horsepower is equal to the weight of air in 
pounds per minute, times the head in feet of air, 
divided by 33,000 ft.-lb. per minute. This expression 
when converted to more convenient terms states that 
the air horsepower equals the volume of air in cubic 
feet per minute times the total pressure in inches of 
water, divided by 6,356. (See A. S. H. V. E. Code 
for Testing Centrifugal and Disc Fans.) When a fan 
is discharging freely into the atmosphere no appre- 
ciable static pressure exists at the plane of the fan 
blades, and the total pressure therefore is equal to 
the velocity pressure, in inches of water, or 


V : 
Di-— where V 
1096.2 


is the velocity in feet per 


minute and D is the density of the air in pounds per 
cubic foot. For average conditions of barometer and 
temperature the density of the air is approximately 
0.072 lb. per cubic foot, and by substituting this value 
for D, the expression for velocity pressure becomes 
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V 2 

4100 ; 

Applying this expression to the ratings cited for 
the 24-in. fan, 35,000 c.f.m. must pass through the 
opening of the fan, the area of which in this case is 
approximately 3.5 sq. ft., with a resulting average 
velocity of 10,000 f.p.m.; the velocity pressure, 

Jam 10,000°? 

—— is therefore —---— or 

4100 4100 
water, and the power required to move the air is 
35,000 « 5.95 
———————— or 32,7 hp. 

6356 

taken of the decrease in the opening of the fan due 
to the space occupied by the fan blades and shaft, 
but if such account were taken the horsepower re- 
quirement would be even greater than the calculated 
value of 32.7 hp. The manufacturer, in claiming to 
perform an amount of work equal to 32.7 hp. with 
a 1 hp. motor, is obviously claiming the impossible, 
and, whether unknowingly or by intent, is taking an 
unfair advantage of his competitors who have hon- 
estly and intelligently rated their fans, 

If it were possible to make a fan to operate with 
100 per cent efficiency, in the case cited the volume 
of air which could be passed through an opening of 
3.5 sq. ft. by the expenditure of 1 hp. would be 10,920 
c.f.m. or only 31 per cent of that claimed by the 
manufacturer. It should be noted that the air capac- 
ity claimed by the manufacturer exceeds that of a 
theoretically perfect fan in the ratio of 3.2 to 1, 
whereas the horsepower requirement exceeds that of 
the theoretically perfect fan in the ratio of 32.7 to 1. 
The horsepower varies as the cube of the fan capac- 
ity, and therefore an analysis of performance on the 
basis of the horsepower required to move the air 
will magnify discrepancies in ratings that are not so 
apparent when comparisons are made directly on the 
volume (c.f.m.) basis. 

Table 1 shows the free-discharge capacities of fans 
of various diameters that would be possible if they 
could operate without air friction or leakage or any 
other losses. If a fan actually delivers 75 or 80 per 
cent of the tabulated value, its performance should 
be considered excellent. 


5.95 in. of 


No account has here been 


TABLE 1. Free-DiscHarce Capacity oF FANS IN Cupsic FEET 
Per Minute at 100 Per Cent EFFICIENCY 
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In comparing the rating of any fan with the values 
of Table 1 it should be noted that some manufac- 
turers catalog their fans upon the diameter of the 
blade circle, others upon the diameter of the fan 
opening, and still others upon the overall dimensions, 
For any values of the diameter of the fan opening 
other than those shown in the table, at equal power 

4 
inputs the capacity varies as the — power of. the 
3 
diameter ratio; and for a fixed diameter of fan open- 
ing the capacity varies as the cube root of the ratio 
of power inputs. 


Methods of Testing 


The testing of disc and propeller fans is somewhat 
more difficult than the testing of centrifugal fans ow- 
ing to the lack of a satisfactory means of measuring 
the velocity of a swirling stream of air. 

A common but unsatisfactory method of testing 
consists of traversing the stream of air on the dis- 
charge side of the fan with an anemometer or a Pitot 
tube. Results obtained by this method are inaccurate 
not only because of the error in measuring a swirl- 
ing flow but also because of the difficulty in measur- 
ing the cross-sectional area of the stream of air 
which may be greater or less than the area of the 
opening of the fan and furthermore varying at differ- 
ent distances from the fan. The velocity also varies 
in different parts of the stream, and with some de- 
signs of fans the air near the fan blades may even 
be flowing in opposite directions, although this fact 
might not be detected by an anemometer ; it can, how- 
ever, readily be detected by holding a thread in or 
near the stream and observing the direction which it 
takes, or by a smoke test. Where a fan which is 
intended to exhaust air from a room is continually 
obtaining a part of its supply by leakage from the 
discharge side, outside of the room, a measurement 
of the stream on the discharge side is not a true in- 
dication of the useful capacity of the fan. 

In order to overcome some of these difficulties in 
air measurement, some fan testers have employed 
the method of arranging a short length of metal duct 
on the discharge side of the fan so as to confine the 
stream of air within an area of known cross-section. 
This method undoubtedly produces more consistent 
results than that of attempting to measure the uncon- 
fined stream. It is still, however, more or less sub- 
ject to the errors due to the swirling effect unless 
this swirl is straightened out by the use of straight- 
ening vanes in the duct, and these vanes offer addi- 
tional resistance of unknown value. The duct may 
also very greatly affect the capacity of the fan by 
converting velocity pressure into static pressure and 
by reducing eddy currents, as will be shown later. 


Standard Code Method 


The Standard Code for the Testing of Centrifugal. 
and Disc Fans which was adopted in 1923 by the 
AMERICAN Society OF HEATING AND VENTILATING EN- 
GINEERS and the National Association of Fan Manufac- 
turers specifies a method of testing disc and propeller 
fans which is quite different from the methods just 
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described. This method is fundamentally that of 
measuring the quantity of air which is discharged 
by a centrifugal fan into an air chamber maintained 
at zero pressure when that quantity is therefore just 
sufficient to replace that which is being exhausted 
from the chamber by the disc or propeller fan. Under 
this method the air flow is measured by a Pitot tube 
which is located on the discharge side of the centrifu- 
gal fan where little or no swirl exists and where 
the stream of air can be measured with accuracy. A 
diffuser is required in the air chamber so as to guard 
against short-circuiting of air from the discharge pipe 
of the centrifugal fan, through the chamber, to the 
disc or propeller fan. A draft gage, connected to 
an impact tube inserted into the chamber, is used to 
indicate the pressure in the chamber. 

This method involves the set-up of a considerable 
amount of apparatus and for that reason has not 
been used as generally as some of the more simple 
but less satisfactory methods. Without doubt, if 
purchasers of disc and propeller fans demanded fan 
ratings according to the A. S, H. V. E. Standard 
Code method, and if manufacturers generally adopted 
this method of testing, there would be fewer cases 
of such unfair and often absurd claims as are now 
frequently found. 


Comparison of Ratings by Different Test Methods 


No attempt is here made to compare ratings by 
the Standard Code method with those by the less 
accurate methods in that the results by the latter 
methods are too variable. Few manufacturers state 
in their catalog data the method or methods used in 
establishing their fan ratings; a small number, how- 
ever, have followed the practice of publishing ratings 
of fan capacity based on tests by the more common 
inaccurate methods and with different ratings for 
the two sets of conditions, namely, for free air dis- 
charge, and for discharge into a short length of duct, 
usually of a cross-sectional area somewhat greater 
than that of the fan opening. 

If the duct diameter is larger than that of the fan 
opening, the velocity at the outlet of the duct is 
necessarily lower than at the fan, and some of the 
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velocity pressure at the fan is converted into static 
pressure as the air passes through the duct, with 
resultant gain in capacity. 

It is significant that the published ratings for free 
discharge are invariably greater than those for the 
somewhat more accurate method of measurement of 
the discharge into a short length of duct, whereas in 
all tests which the writer has conducted according 
to the Standard Code method the results have been 
the opposite. The principle of conversion of velocity 
pressure into static pressure by an increase in the 
cross-sectional area of the stream of air is usually 
applied to the design of a centrifugal fan, and it 
seems logical that it can be applied profitably in the 
installation of a disc or propeller fan. The metal 
duct on the discharge side of the fan may further- 
more decrease air friction by eliminating or reducing 
eddy currents that exist near the fan at the location 
where the greatest turbulence takes place, and in 
some cases the duct may increase the useful capacity 
of the fan by blocking off the recirculation of air 
which occurs in certain designs of fans. 

The tests herein reported indicate that disc and 
propeller fans will normally, if not always, have a 
greater capacity when discharging through a short 
length of duct of somewhat greater diameter than 
that of the fan, and that a short duct even of the 
same diameter as the fan opening will, in the case of 
an airplane propeller fan, cause an appreciable in- 
crease in capacity. 

Table 2 shows the capacities of a number of fans 
for free discharge and for discharge into a short 
metal duct. The tests from which these results were 
obtained were conducted according to the A. S. H. 
V. E. Standard Code method except with reference 
to the dimensions of the discharge duct. The Stand- 
ard Code states that “When dise fans are used to 
blow into a pipe in actual service the performance is 
different from the performance when mounted in a 
wall, and consequently allowance should be made for 
the modified condition. Disc fans for blowing pur- 
poses are to be tested with the same standard ar- 
rangement of apparatus but in addition there must be 
placed on the discharge side of the fan a collar of 


Type AND THIN Pressep METAL BLADES 


























SR ere Tree 1 2 3 4 
SI: can dcudcns eee ca kwawons A A A A 
ER EL Sea Me 2 2 2 2 
Diameter of blade circle, inches........... 27.15 | 28.15) 28.15) 17.85 
Diameter of fan opening, inches..........} 27.40] 26.10} 26.10} 16.50 
Diameter of discharge collar, inches... . .. 30 30 | 26.38 30 
Length of discharge collar, inches......... 84 84 40 84 
Ratio of collar to fan opening diameter....| 1.10) 1.15] 1.01] 1.82 
Speed for free discharge in revolutions pet 

I ihiha deutnatce ds cothces dunks 1745} 1694] 1710; 1964 
Tip speed, feet per minute............... 12400 | 12500 | 12600} 9190 
No-discharge pressure, inches of water.....| 0.255 | 0.330} 0.314 | 0.200 
Volume of air in cubic feet per minute for 

IN a lcs wk sien aus 4770 | 6230} 5970} 3025 
Volume of air in cubic feet per minute for 

discharge into collar................... 6400 | 7400} 6600} 3550 
Capacity increase due to collar, per cent...| 34.0] 18.5] 10.4] 17.3 
































5 6 7 8 9 10 T 12 13 14 
A A A A A A A A B B 
2 3 3 6 6 6 8 8 4 | 32 
22.10} 26.38 | 35.62| 26.12] 35.62] 12.05] 18.85] 20.90| 19.00] 17.90 
20.00| 26.75 | 36.50! 26.75| 36.50] 11.00] 17.50] 19.50] 19.50] 18.25 
30! 30| 40| 301 40/ 30! 30] 30 30} 30 
84/ 84] 40] 84] 40| 84] 84] 84 84| 84 
1.67} 1.12} 1.10] 1.12] 1.10] 2.73] 1.71] 1.54] 1.54] 1.64 
1700} 1765| 1750| 1750] 1730] 2044] 1704/°1150| 1154] 1190 
9830 | 12200} 16330| 11970| 16200} 6450! 8400| 6300! 5740| 5580 
0.220! 0.353 | 0.725| 0.600! 1.31 | 0.236! 0.712] 0.372| 0.472] 0.490 
3970 4225| 10970! 4930| 13580 1530] 3380| 4150| 4450| 2590 
5100| 5390} 14230} 6200| 17150} 1660| 4170] 4640| 5140| 2015 
28.4] 27.5| 290.8] 25.6] 26.3] 8.5] 23.3] 11.8] 15.5] 12.5 





Note:—A denotes blades of airplane propeller type. 
B denotes blades of thin pressed metal. 
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the same diameter as the fan opening and 1 diameter 
long.” 

The stipulation of the use of a collar of the same 
diameter as the fan opening precludes the effect of 
a reduced velocity of the air in the collar. There is 
therefore no conversion of velocity pressure into 
static pressure as in the case where the collar or duct 
is of larger diameter than the fan opening, and ‘the 
increase in fan capacity due to the addition of the 
collar is accordingly lessened. 

In the tests recorded in Table 2 it will be noted 
that the diameter of the collar or discharge duct was 
the same as the diameter of the fan opening in Test 3 
only, and in the other tests ranged up to 2.73 times 
the diameter of the fan opening. The length varied 
from 30 to 84 in., a variation which probably has 
no appreciable effect upon the results. 


All values of the electric input to the fan motors 
and the fan efficiencies are purposely omitted from 
Table 2 inasmuch as some of the fans which were 
tested were experimental units in the process of de- 
velopment and the publication of any such data ap- 
plying to them might be misleading and unfair to 
the manufacturers. Likewise, the values shown for 
capacities do not necessarily represent the propes 
ratings for fans of similar size as they are now being 
manufactured and are shown here only to aid in later 
discussion. It is to be noted, however, that in all 
tests the addition of the collar had little effect upon 
the power required to drive the fan, in some cases 
causing a slight increase and in other cases a slight 
decrease in the power consumption. 


Referring to Table 2 it will be noted that in all 
of the fourteen tests the addition of the duct effected 
an increase in the capacity of the fan, this increase 
ranging from 8.5 per cent of the free discharge capac- 
ity in test 10 to 34 per cent in test 1. Tests 1 to 12, 
inclusive, are of fans of the airplane propeller type 
with cast aluminum blades of various pitch angles, in 
the majority of designs with the blades of such length 
as to overlap the fan ring, and in other designs with 
various amounts of clearance between the tips of the 
blades and the inside of the fan ring. Test 13 is of a 
fan of thin blade design such as is commonly used 
in automobile motor cooling, in unit heaters, and in 
desk fans. Test 14 is of a disc pressure fan with a 
large number of sheet metal blades, designed primar- 
ily for operation at higher pressures. Fan speeds 
range from 1150 to 2044 r.p.m., or with tip speeds 
ranging from 5740 to 16,330 f.p.m. 


It is obvious that too many variable factors are 
involved in these tests to permit of determining ac- 
curately from these limited data the most advantageous 
relationship between the dimensions of the duct and 
the fan or any definite laws of performance; how- 
ever, some interesting observations may be made by 
comparisons of some of the data. 

Tests 2 and 3 are of the same fan blades but with 
motors of slightly different size and with a slight 
difference in axial clearance between the blades and 
the inlet face of the fan ring. These differences are 
probably responsible for the decrease of 260 c.f.m. 
or 4.2 per cent in the free discharge capacity in test 
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3 as compared with test 2. In the same tests where 
the fan was discharging into a duct or collar the 
collar used in test 2 was of 15 per cent larger diam- 
eter than the fan ring, whereas in test 3 the collar and 
fan ring were substantially of the same diameter. 
The collar in test 2 permitted of considerable conver- 
sion of velocity pressure into static pressure and in- 
creased the fan capacity by 18.5 per cent, whereas 
in test 3 no appreciable conversion of velocity pres- 
sure into static pressure was possible and still the 
collar increased the fan capacity by 10.4 per cent. 

As additional evidence of the effect of the collar in 
test 3 the collar was removed without stopping the 
fan. This procedure resulted in an increase from 0 to 
0.068 in. of water in the pressure in the air chamber 
from which the test fan was exhausting, thereby indicat- 
ing that without the aid of the collar the fan under test 
was unable to balance the capacity of the centrifugal fan 
which was blowing into the air chamber. The removal 
of the collar was also accompanied by a noticeable in- 
crease in the variation of the needle of the watt-meter 
which was used to measure the input to the fan motor, 
thereby suggesting the effect of the collar in damp- 
ening out turbulence in the flow of air. Similar evi- 
dences were observable in tests of some of the other 
fans. 

In test 10 the collar was 2.73 times the diameter 
of the fan ring, and the effect upon the capacity of 
the fan is conspicuously small, namely, an increase 
of only 8.5 per cent, suggesting that the most ad- 
vantageous ratio of collar diameter to fan diameter 
has most likely been exceeded. In general the effect 
of the collar upon fan capacity, in the case of fans 
of the airplane propeller type, appears to be more 
marked in the tests of fans having radial clearance 
between the tips of the blades and the fan ring than 
in the tests of fans with blades overlapping the ring. 
This result is to be expected in view of the fact that 
in free discharge tests of fans with radial clearance 
some leakage at the tips of the blades was readily 
detected, and it is reasonable that a collar on the 
discharge side of the fan would aid in blocking off 
this back-flow. No doubt the amount of leakage at the 
tips of the blades is influenced not only by the clear- 
ance but also by the design of the blades, and it is 
possible that by proper design the leakage may be 
appreciably reduced. 

The jet of air which is discharged by fans of the 
airplane propeller type is in the form of a cylinder 
extending a considerable distance from the fan, 
whereas the discharge from fans with the more com- 
mon forms of thin sheet metal blades generally flares 
at a wider angle in the form of a cone. It is to be 
expected therefore in tests of fans of the latter type 
that a discharge collar would cause a considerable 
change in the direction of flow, with consequent in- 
crease in fluid friction, so that the collar would show 
less advantage in the matter of increasing the capac- 
ity of the fan. The results of tests 13 and 14 are in 
line with this expectation in that the increases in 
capacity due to the collar are only 15.5 and 12.5 per 
cent, even though the collar was of such a diameter 
as to permit considerable conversion of velocity pres- 
sure into static pressure. These results suggest 
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the question as to whether a collar of the same diam- 
eter as the fan would show any advantage in con- 
nection with a fan from which the discharge flares 
at a wide angle. 

Tests 8 and 9 were on six-blade fans of design and 
dimensions very similar to the corresponding three- 
blade fans which were tested in tests 6 and 7. A 
comparison of the results for the six-blade versus 
the three-blade fans shows that the six-blade fans 
developed a no-discharge pressure which was in one 
case /0 and in the other case 81 per cent higher than 
for the similar sized three-blade fans, If the speeds 
had been identical these percentages would be 
slightly increased. 

In the matter of capacity the two six-blade fans 
show free-air capacities 16% and 24 per cent higher 
than the free-air capacities of the corresponding three- 
blade fans. These increases in capacity, however, 
were gained at the expense of considerable increases 
in power, in one case an increase of 53 per cent and 
in the other case an increase of 82 per cent. 

The marked increase in power which occurred with 
increase in capacity is in line with the values shown 
in Table 1 where it is observed that the power con- 
sumed by a fan varies as the cube of the capacity, or 
as otherwise stated, as the cube of the velocity 
through the fan. If it is desired to move a certain 
volume of air it can be accomplished with two lower 
speed fans with one quarter of the power which 
would be consumed by one higher speed fan of the 
same size in performing the same service. 


Again referring to Table 1 it will be observed that 
a 30-in. fan, for example, will deliver under free dis- 
charge operation approximately as much air with 
0.25 hp. input as will be delivered by an 18-in. fan of 
similar design with eight times as much, or 2 hp. 
input. This observation is of prime importance in 
the selection of a fan for free-discharge service, and 
it is this feature of relatively large diameters com- 
mon to the design of airplane propeller fans which 
accounts in large measure for their low power con- 
sumption. 


Reliability of Standard Code Method of Testing 


In the tests herein reported the measured volume 
of air entering the air chamber was supplied by a 
fan discharging through a 24-ft. length of 30-in. duct, 
and driven by an electric dynamometer. By varying 
the speed of the dynamometer and in some cases by 
restricting the inlet of the fan it was possible to con- 
trol the air supply with sufficient accuracy as to 
maintain a substantially constant pressure in the air 
chamber, with variations never more than 0.005 in. 
of water above or below normal. As an additional 
check on the air pressure in some of the tests an 
anemometer was fitted tightly in the wall of the air 
chamber and it was observed to show no appreciable 
flow of air either into or out of the chamber, thereby 
also giving evidence that the measured quantity of 
air which was being supplied to the chamber was 
equal to that which was being removed by the pro- 
peller fan. 

The magnitude of the error which may be intro- 
duced in tests by this method due to a failure to 
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maintain zero pressure in the air chamber was in- 
vestigated by observing the pressure in the chamber 
when various measured quantities of air, greater or 
less than the normal capacity of the propeller fan, 
were being supplied to the air chamber. The results 
of this test show that a pressure of 0.01 in. of water 
above or below atmospheric pressure represented an 
error in fan capacity of 115 c.f.m., which was about 
2 per cent of the free discharge capacity of the fan 
under test. With the ordinary inclined-tube draft gage 
it is possible to read to a fair degree of accuracy a 
pressure of one-fifth of this magnitude, which in this 
instance represented an error in measurement of 
only 23 c.f.m. or 0.4 per cent of the fan capacity, an 
error which is much less than that which may be 
expected in air measurement by the Pitot tube. 

One of the most conclusive evidences of the re- 
liability of the Standard Test Code method is shown 
by observing the pressure in an air-tight chamber 
when a propeller fan is blowing into the chamber 
and a similar fan of slightly greater or less capacity 
is exhausting the air from the chamber; then noting 
that an equal pressure, but of opposite sign, exists 
when the fans are interchanged. A test of this sort 
was occasioned by the statement of Manufacturer A 
that he was confident his fan had a greater capacity 
than a similar sized fan of Manufacturer B, in spite 
of the results of separate tests which gave Manu- 
facturer B’s fan a rating of about 1600 c.f.m. above 
that of Manufacturer A’s.’ A’s fan was set up so as 
to blow into the air chamber while B’s fan was ex- 
hausting, with the result that a vacuum of 0.067 in. 
of water was created in the chamber, showing that 
A’s fan was not supplying enough air to compensate 
for that which was being drawn out by B’s. When 
the fans were interchanged the pressure in the cham- 
ber was found to be 0.065 in. of water, or substan- 
tially equal in magnitude to the vacuum which was 
observed in the former case. 


Measurements of Low Velocities By Orifice Meter 


In the tests of the various sized fans the same 
set-up of apparatus was used. This meant that for 
free discharge or for discharge through an open 
collar the velocities in the 30-in. measuring duct 
ranged from 312 to 3500 f.p.m., although most of the 
values were above 800 f.p.m. When the discharge 
was restricted in blowing tests the velocity in the 
measuring duct was even lower than 312 f.p.m., or 
much too low for satisfactory measurements by a 
Pitot tube and draft gage. For measurement of the 
lower velocities it was therefore necessary either to 
set up a measuring duct of smaller diameter so as 
to increase the velocities or else to resort to a more 
sensitive means of measurement. 

The drop in pressure through an orifice at the end 
of the measuring duct was found to serve as a satis- 
factory means of measurement of the low velocities 
without in any way interfering with the use of the 
Pitot tube for measurement of the higher velocities. 
The orifice was formed by inserting a metal cone in 
the air-chamber end of the measuring duct. The 
cone was centered and held rigidly in place in such a 
position as to restrict the opening an amount suffi- 
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cient to build up a static pressure of about twenty 
times the velocity pressure. For any fixed position 
of the cone the exact ratio of static pressure to veloc- 
ity pressure was noted when the velocity pressure 
was sufficiently high as to be determined accur- 
ately. It was noted that this ratio remained fairly 
constant for all velocity pressures of sufficient 
magnitude to permit accurate readings on the draft 
gage, varying usually by not more than one per cent 
from the average value. For velocity pressures 
which were too low to be read accurately on a draft 
gage it was therefore assumed that the ratio of 
static pressure to velocity pressure would remain 
constant, and the velocity pressure was therefore 
computed as a definite percentage of the static 
constant ratio 


pressure. Any error in assuming a 
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of static pressure to velocity pressure or, in other 
words, a constant orifice coefficient for various ve- 
locities, is undoubtedly less than the usual tolerance 
in measurement of air flow. 

A cone inserted in the end of the measuring duct 
is of service not only as an orifice meter but also 
appears to diffuse air in the air chamber in a satis- 
factory manner and can therefore conveniently re- 
place the diffuser which is required in the standard 
arrangement of apparatus, 


Airplane Propeller Fans 


Within the past few years there have been placed 
on the market a number of makes of propeller fans 
in which the blades are of cast aluminum, similar in 
shape to the blades of an airplane propeller. The 
manufacturers of these fans contend that in applying 
the airplane propeller to the propeller fan they have 
profited by the large amount of study and experi- 
mentation which has been involved in the develop- 
ment of efficient types of airplane propellers. They 
have, however, published very little or no data on 
the performance of fans of this type aside from their 
catalog ratings for free delivery, nor have they com- 
pared the performance characteristics with those of 
other types of fans. 

It is for the purpose of supplying these data that 
the results of a test of an airplane propeller fan are 
shown in Table 3 and Fig. 1. Table 3 shows com- 
plete results, a portion of which are shown under 
test 3 of Table 2. The performance curves of Fig. 1 
are plotted from the data tabulated in Table 3, and 
in shape are fairly representative of the performance 
of all of the airplane fans which were tested, even 
though the numerical values of efficiency show bet- 
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ter performance than was found in the tests of some 
of the fans. Slight variations in the shape of the 
performance curves of some of the other fans have 
been found to be due chiefly to the influence of the 
diameter of the collar into which the fan discharged, 
and in that respect would not represent results 
strictly in accordance with the standard test code 
method. 

It may be noted that the power input to the motor, 
in the data shown, is higher than that required by 
a number of motor-driven fans of similar size. This 
is due to low efficiency of the motor and not of the 
fan, inasmuch as the motor which was used in this 
test proved to have a maximum efficiency of only 
59.6 per cent as against efficiencies of at least 70 per 
cent found in tests of a number of other makes of 
motors of similar size. 

Summary of Results 

Table 3 and Fig. 1 show, for free discharge, a ca- 
pacity of 5970 c.f.m. which is 77.8 per cent of the 
capacity of a perfect fan, and a corresponding fan 
efficiency of 47.3 per cent. For discharge into a 
collar of substantially the same diameter of the fan 
opening the capacity was found to be 6600 c.f.m. 
which is 85.4 per cent of the capacity of a perfect fan, 
and the corresponding fan efficiency was found to be 
52.3 per cent. 

The maximum fan efficiency of 60.5 per cent oc- 
curred when the fan was discharging 4260 c.f.m. 
against a static pressure of 0.17 in. of water. The 
power input to the fan blades was a minimum of 
0.207 hp. at a capacity. of 1050 c.f.m., and a maximum 
of 0.306 hp. for free discharge. The static and the 
total pressure curves show a dip in the region of low 
capacities very similar to that which normally occurs 
in corresponding performance curves for a multi- 
blade centrifugal fan. 


Discussion of Results 


The shape of the power input curve is of particu- 
lar interest in that it shows that when the discharge 
is closed the power consumption is considerably less 
than for free discharge. This feature is opposite to 
that of the majority of disc and propeller fans, 
which consume the maximum power when the dis- 
charge is closed, and would be even more pronounced 
if the curves of Fig. 1 had been plotted for a con- 
stant speed instead of the actual speed of the motor 
and fan as it occurred in the tests. 

No data are here recorded to show the variations 
in capacity, pressure, and power consumption which 
occur with variations in speed, but a number of 
tests at various speeds verify the expectation that, 
within the limits of accuracy of measurements, the 
capacity varies directly as the speed, the pressures 
as the square of the speed, and the power as the 
cube of the speed. The highest values of efficiency 
occur in the neighborhood of the maximum capacity. 
and it is this characteristic which makes fans of this 
type particularly suitable for moving relatively large’ 
volumes of air against small resistances. 

In the case of the discharge through an open col- 
lar, the static pressure in the collar was found to be 
0.030 in. of water below atmospheric pressure, 
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Taste 3. Test oF A 2-BLapE AIRPLANE PROPELLER FAN 
Biowine Tests 
FREE 
Denes Dis- Diamerer oF Discuarce Ortrice, INcHESs 
CHARGE | CLOSED 12 14 16 18 20 22 24 Orn 
1 | Center velocity pressure, inches of water....................... 0.097} 0.00 | 0.003} 0.004/ 0.005} 0.022) 0.032} 0.049/ 0.070; 0.118 
2 | Center velocity, feet per minute.......................00-0e00: 1270 | 0.00 224 259 289 607 733} 906) 1080) 1405 
3 | Average velocity in measuring duct, feet per minute............. 1218 | 0.00 215 249 277 583 704 870] 1036] 1348 
4 | Volume of air in cubic feet per minute = average velocity x area 
III in SencknsabuldeecbiivescatWavndneduceksres 5970 | 0.00 1052} 1217) 1358) 2850} 3440) 4260) 5070) 6600 
5 | Calculated velocity through fan ring, feet per minute............ , Re ee 
6 | Velocity pressure at fan ring, inches of water.................... | SE Se Ee ee Ce ee See aor pe nore 
7 | Static pressure in discharge collar, inches of water............... eevee} 0.3814] 0.264] 0.254] 0.244} 0.236] 0.222) 0.173) 0.105 |-0.030 
8 | Calculated velocity in discharge collar, feet per minute.......... .| 0.00 278 322 359 755 911} 1128) 1342} 1748 
9 | Velocity pressure in discharge collar, inches of water............. .seee-| 0.00 | 0.005} 0.006} 0.008 | 0.034} 0.049 | 0.076; 0.108} 0.182 
10 | Total pressure at fan ring, inches of water...................... OMG bivevsccidiéenctuewwenss ES AS A Se eee 
11 | Total pressure in discharge collar, inches of water................|....... 0.314] 0.269 | 0.260 | 0.252} 0.270} 0.271 | 0.249] 0.213) 0.152 
12 | Horsepower required to move air......................0.0.0055 0.145 | 0.00 | 0.045} 0.050} 0.054] 0.121} 0.147] 0.167) 0.170) 0.157 
13 | Electric input to motor, watts....................cccceeeeeees 385 290 263 275 278 300 325 347 365 380 
14 | Equivalent horsepower input to motor......................... 0.516 | 0.389} 0.353 | 0.369 | 0.372] 0.402} 0.435) 0.465] 0.489) 0.510 
15 | Speed of fan and motor in revolutions per minute............... 1710| 1732} 1743) 1738] 1737) 1728] 1718] 1710) 1707) 1700 
16. | Efficiency of motor, por comt..............cc cece ccc e cee ceceees 59.3; 59.1] 58.6) 58.9] 58.9] 59.2] 59.4] 59.5) 59.6) 59.3 
17; | Horsepower input to fan blades. ................-.......000055 0.306 | 0.230 | 0.207} 0.213 | 0.219} 0.238 | 0.258 | 0.276) 0.291 | 0.302 
18 | Overall efficiency of fan and motor, per cent.................... 28.0} 0.00} 12.6) 13.5] 14.5] 30.1] 33.8) 35.9) 34.7) 30.9 
ek er Oa es Rec ceecshatebanshsednshincs 47.3) 0.00} 21.5) 23.4) 24.6) 50.9) 56.8) 60.5) 58.4) 52.3 
20 | Volume of air in cubic feet per minute for 100 per cent fan efficiency); 7670) .......|. 0... .). ccc ccfe cece cfe cece cele weeece]eweweeetenues 7725 
21 | Actual capacity in per cent of that of a perfect fan...............] 77.8). ....0 0). cece ede ceeees 85.4 



































Diameter of blade circle, 28.15 in. 
Diameter of fan opening, 26.10 in. 
Discharge collar, 26.38 in. diam. x 40.0 in. 


thereby indicating a contraction of the stream of air 
within the collar. If this negative pressure had been 
neglected, on the assumption that zero static pres- 
sure existed at the outlet of the collar, the result of 
fan efficiency would be increased from 52.3 to 62.7 
per cent, but this value would not be consistent with 
the other values of efficiency which were based upon 
measured pressures inside of the collar. 

The efficiency of 47.3 per cent for free discharge 
is considerably higher than the efficiency claimed 
for any centrifugal fan for operation under similar 
service, such values for centrifugal fans usually 
ranging from 20 to 35 per cent. Similar tests, how- 
ever, on some of the designs of airplane propeller 
fans showed efficiencies even lower than the values 
quoted for centrifugal fans, the variation depending 
largely upon the amount of leakage at the tip of the 
blades, 

The maximum efficiency which occurred when the 
fan, was discharging against resistance, namely, 60.5 
per cent, is not quite as high as the maximum effi- 
ciency found in tests of many centrifugal fans, even 
though it represents much better performance than 
that which was found in tests of some of the other 
propeller fans. 

In comparing the performance of propeller and 
of centrifugal fans it should be observed that in the 
selection of either type for any certain installation 
a wide range in power consumption is possible, de- 
pending upon the velocity at the outlet of the fan, 
and in order to maintain as low a velocity at the 
outlet of a centrifugal fan as in the case of a propeller 
fan, the area of the outlet must be of the same size as 
the entire opening of the propeller fan, and the en- 
tire housing of the centrifugal fan therefore becomes 
relatively large. 


Corrected barometer, 29.03 in. mercury at 75 F. 
Velccity coefficient for center of pipe, 0.96. 


Velocity, feet per minute, 4092 } , 


Conclusions 

The claim is often made that the airplane propeller 
is the most efficient device yet known for the moving 
of air. If this statement is limited to the free dis- 
charge of air or to operation at or near the maximum 
capacity of the airplane propeller fan it is appar- 
ently true. However, the efficiency of a propeller fan 
is dependent not only upon the design of the pro- 
peller itself but to a great extent upon the means for 
preventing leakage at the tips of the blades. 

A collar or short duct on the discharge side of the 
fan increases the capacity and efficiency, not only 
by reducing leakage but also by reducing eddy cur- 
rents, and if the diameter of the collar is somewhat 
larger than that of the fan the performance is still 
further improved by the resulting reduction in ve- 
locity pressure. 

Propeller fans for operation against the higher 
static pressures have merit with reference to small 
space requirements and relatively low cost as com- 
pared with centrifugal fans but do not show as high 
efficiencies as are found in tests of centrifugal fans. 

Analysis of the fan performance as published by 
the manufacturers of a considerable number of disc 
and propeller fans shows unreasonable values of fan 
capacity and efficiency. The calculated value of fan 
efficiency and the comparison of the capacity rating 
with the computed capacity of a perfect fan are 
serviceable checks on the reliability of catalog data. 

The standard method of testing disc and propeller 
fans as adopted by the AMERICAN Society OF HEATING 
AND VENTILATING ENGINEERS and the National Associa- 
tion of Fan Manufacturers is a reliable method of 
testing, and shows important features of fan per- 
formance which are likely to be overlooked in tests 
by the older and less accurate methods. 











Comments on Design and Rating of 
Direct Radiation 


By Konrad Meier, Winterthur, Switzerland 
MEMBER 


bring out sharply the diverging tendencies of 

designer and engineer. In evolving new de- 
signs and devices the maker naturally considers produc- 
tion and listens to popular demand, while the engineer, 
who does the planning and knows the legitimate needs, 
will set another standard, based on efficient and perfect 
service to the client. In view of developments, particularly 
in regard to rating, which is significant of the situation, 
it should be useful to restate the case as seen from the 
engineering side. 

The A. S. H. V. E. Guipe 1928 contains a series of 
tables for heat emitted by direct radiation, which covers 
the principal patterns of the column and wall types. The 
rated square feet, probably approximating the actual, 
appear together with the capacities in B.tu. as tested by 
a recognized authority. Unfortunately, this compilation 
is not extended to the tubular and other designs, because 
generally accepted engineering data are not avail- 
able. A table for one of the tubular patterns was 
published early in 1928 by A. H. Schroth,’ wherein 
capacities are given alongside of the ratings in equiv- 
alents of 240 B.tu per square foot. This at least 
permits the calculation of the heat emitted per square 
foot of surface for comparison with the well estab- 
lished figures for the coefficient UV. However, most of 
the recent literature on that now current style and of 
fin tube metal heaters gives only the so-called square 
feet based on the conventional 240 B.tu, the manu- 
facturers thus leaving the buyer in doubt.as to the 
actual surface. But after all, it is the latter, as the 
absolute measure of quantity, which should also be 
given, with the performance as additional informa- 
tion for the engineer to be used with such conversion 
factors and judgment which the case may demand. 
Indeed, there is no valid reason why this could not 
be done for heating as for other apparatus. Pumps 
are not sold by the gallon, but according to sizes, 
for which the capacities are also given under stated 
conditions. 


(tring ot sh in the field of direct heating 


In Mr. Schroth’s table, the higher rate of emission 
for short units is duly taken into account. This 
point is ignored by other manufacturers, evidently 
because they do not like the idea of different rat- 
ings for identical sections. It would certainly re- 
veal the fallacy of the method, by which the variable 
heat emission is expressed in square feet, instead of 
simply giving the actual surface and its capacity in 
the recognized measure for heat and for standard 
conditions of testing. The latter way plainly gives 
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the variations inherent to the kind of surface and will 
naturally lead to the consideration of the other fac- 
tors bearing on the case. 


Figs. 1 to 5 illustrate the variability of the so-called 
square foot. The curve for tubular radiation (Fig. 1) 
is based on the table referred to and issued by a 
manufacturer, while all the others are derived from 
the data of the late Prof. John R. Allen and Prof. 
F. B, Rowley, adopted by the Research Laboratory 
and published in the A. S. H. V. E. Guipe. It will be 
noted that the curve for the tubular pattern is similar 
to those for the column radiation, Fig. 2. For both, 
the end sections show greatly increased heat emis- 
sion, the excesses running from 46 to 71 per cent 
over that of the intermediate or of units of about 20 
sections and over. The variations within the number 
of sections frequently used average from 5 to 6 per 
cent for low and 12 to 15 per cent for high patterns. 
The factor of length is therefore not altogether neg- 
ligible, particularly for the greater depths. Incident- 
ally, the curves recall the variations due to height 
alone, which run from 8 to 18 per cent. The varia- 
tions between one and four column patterns are 23 
per cent for 38 in. and only 12 per cent for 20 in. 
height. For wall radiation the differences owing to 
height do not exceed 7 per cent and those for length 
are negligible, while the average is about 20 per cent 
higher than the old standard two-column. These un- 
questioned figures, ranging roughly from 200 to 350 
B.tu, refer to actual surface. Hence the divergence 
of the square feet as now sold on the 240 B.tu plan 
must cover an equal range for plain cast iron radia- 
tion alone. This means very material deviations 
from the true surface measure. Whether these are 
likely to be stated fairly in trade literature under 
stress of competition is for the reader to judge. For 
standardized articles the buyer will soon enough find 
out the facts, but he is virtually expected to take on 
good faith the ratings for the numerous odd sizes of 
tubular radiation and for the concealed surfaces of 
still greater individuality. Evidently, the tendency 
is to drift away from standardization, which makes 
it more and more troublesome to obtain authentic 
data on performance. Simple comparison is becom- 
ing practically impossible and the conscientious engi- 
neer is often at a loss to pass judgment on equip- 
ment offered to his client and to obtain a proper 
basis for his calculations and allowances. 

A further source of uncertainties, which has in- 
creased with the advent of recent heating methods, 
lies in the manner and the details of installation. 
This applies, for instance, to the semi-exposed sur- 
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(Based on table from Heating and Ventilating Magazine, Feb., 1928). 


faces, for which the ratings appear to be the same, 
whether grille-work is used on top only or top and 
bottom and with the sides inclosed or not. There 
must be differences, depending moreover, on the 
‘wpth and height of the pattern selected. 

In a still greater measure this is true of the 
screened radiation. The numerous tests on the effect 
of inclosures have shown that the heat emission is 
materially affected by the arrangement and the pro- 
portions of the openings, the spacings and other fea- 
tures more or less beyond control of the engineer. 
It is also well known that the allowances should 
vary according to style and height of the radiator, 
although this point is generally ignored owing to 
lack of data. Indeed, it seems impossible to set up 
any reliable rule for coverings, except that of using 
judgment and of providing an ample margin of safety 
necessarily at the expense of the owner. 

The ‘situation is similar in regard to the invisible 
or concealed radiation. In reality, these devices are 
distinctly air heaters for which the capacity is largely 
governed by flue action, But the latter must vary to 
a considerable extent according to local conditions 
not always known beforehand by the manufacturer 
or the engineer. Moreover, the closely spaced and 
inaccessible fin surfaces are liable to gather dust, 
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which in time reduces the air volume and efficiency. 
Finally, the absorption and dissipation of heat by the 
adjoining walls is at least a retarding factor and a 
hindrance to good service, quite aside from the losses 
due to hot strata overhead and the consequent re- 
duction of room heating efficiency, which has not yet 
been fully investigated for these devices. In view 
of these facts, manufacturers’ data should not be used 
indiscriminately. 

It has been proposed that radiation be rated a- 
cording to room heating effect. This looks plausible 
in theory, but would involve the inclusion of factors 
outside of design and beyond the control of the 
manufacturer. Although inherent to some extent in 
the form and proportions of the surface, it is largely 
a matter of distribution, location and operation. This 
quite aside from the vagaries of building ‘construc- 
tion, which make it uncertain enough even for the 
contractor and engineer to assume any responsibil- 
ities for results. In any event, room heating efficiency 
could never be a logical basis for rating in the ac- 
cepted sense, since it is not a measure of capacity for 
stated conditions, but rather one for variable condi- 
tions and therefore likely to become a source of con- 
fusion. It should be expressed by itself, as a ratio 
of the heat utilized to the heat actually expended, 
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resulting from the selection and disposition of the 
surface, which does demand consideration. Direct 
heating, like hot-blast and other systems, can be ap- 
plied to more or less advantage. To provide for the 
best possible service to the owner is one of the prin- 
cipal duties of the engineer, who needs more authen- 
tic information for that purpose. 

The real causes of the present unsatisfactory situa- 
tion in the radiator field can be traced at least partly 
to the old superficial rule of judging bids by square 
feet alone, irrespective of their value. It is this 
practice which has led contractors to offer a max- 
imum of surface at minimum cost without much re- 
gard to fitness for the case and accounts also for 
certain discrepancies between the actual and the 
rated catalog surfaces that have long since bothered 
the engineer. The new method of rating is an at- 
tempt to legitimize these discrepancies by putting 
them on a scientific basis, thereby retaining the cus- 
tomary measure, but giving it variable valuation. 
Unfortunately, with recent developments this way 
of rating has become more and more difficult and un- 
certain. Judging by experience and present indica- 
tions there is not likely to be a correction, but rather 
an increase of the former discrepancies. Under such 
conditions, of course, this method is anything but 
conducive to efficiency and economy in application. 


Surely, the clear-cut statement of the actual surface 
together with its performance and other essential 
points would seem to be more than ever welcome, at 
least to the profession. In reality, it should be not 
less acceptable to the other side, since eventually it 
should lead to the production of true square feet of 
demonstrable capacity and desired qualities. 

Good engineering involves the elimination of un- 
certainties. A main source of these lies in the diffi- 
culties of the variable rating. However, this is not 
at all a condition that need be accepted in the opin- 
ion of the writer. A study of the data at hand will 
show that radiation can be designed having prac- 
tically the same heat emission for all sizes. While 
it would not pay to evolve a new type on that score 
alone, this might be justified if other desirable qual- 
ities can be assured in combination. 

To reduce the variations in length, the greater 
part of the surface must naturally be in front and 
back, rather than on the sides or flanks facing each 
other and sideways. This seems but reasonable. The 
surface on the whole will thereby become more effec- 
tive and proportions may be secured that will suit 
the usual spaces under windows, occupying their 
length and protruding but little into the room. The 
variations due to height are likewise amenable to 
reduction if the air circulation is adequately favored 
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Fic. 5—Curves SHow1nc RELATION BETWEEN HEAT EMIssION AND NuM- 
BER OF SECTIONS FOR 17 IN. AND 29 IN. WALL RADIATORS 


(Based on A. S. H. V. E. Research Laboratory Data, Chapter 2, A. S. 


Guipe, 1929.) 


Increased volumes of lower temperature near the top 
will keep up the emission for the taller units and at 
the same time give more agreeable effect. This may 
be secured by open and unobstructed vertical air 
channels. When applied to the side facing the wall, 
whére only the heat of convection is utilized, they 
will carry the heat freely and without undue losses 
to the masonry to where it will meet indraught and 
downdraught from the windows. This will also pre- 
vent warmer strata overhead, especially under wind 
pressure, the heat then properly reaching the occu- 
pied zone. The radiant heat, as will be noted from 
the curves of single column and wall radiation, also 
has a steadying influence on the rate of emission. 
Hence the side of the radiator facing the room should 
be designed for radiant effects, which helps to warm 
the floor, particularly near the windows where space 
is valuable and the direct action of this radiant heat 
will also greatly add to comfort if surface tempera- 
tures are reduced as they should be for hygienic rea- 
sons and as maintained naturally in first class water 
heating. 


Indeed, one of the important, but little heeded re- 
quirements of wholesome heating, is the elimination 
of all unpleasant effects, particularly the irritation 
caused by dried dust, so often taken for excessive 
dryness of the air. Clean surfaces of moderate tem- 
perature seem to be the only safe and sensible way 
of assuring this quality with direct radiation. The 
additional surface required to that end is a useful 
improvement and a good investment, while the 
screening often demanding an equal amount and in- 
volving other costs, is always a decided detriment. 

To design heating surface for high and constant 
heat emission therefore leads to progress in more 
than one direction. It results in proportions suited 
to spaces beneath windows for which neither column 
nor tubular and wall patterns are specially adapted, 
thus filling a distinct gap in the patterns available. 
Being essentially a wall radiator, attachment to the 
wall seems natural as well as desirable for unob- 
structed flooring. The supports should form part of 
the radiator in order to assure the right distance from 
the wall for free circulation and for easy cleaning. 
Aesthetic quality requires further that each radiator 


H. V. E. 


appear as an individual unit. Taking advantage of 
the distinctive treatment of the front, this is readily 
accomplished by modified end sections, which will 
also have tappings for the supports and for practically 
invisible connections in the rear from run outs in 
flooring or behind the bases. This secures the neat- 
est installation which should in the great majority of 
cases obviate the old objection to exposed radiation, 
not in the least due to unsightly accessories. But 
then, finished installations are not possible without 
due attention to detail, which must begin with de- 
sign. 

With service as the governing consideration, it is 
therefore not only feasible to attain higher efficiency 
by turning the typical section endways, but to pro- 
vide B.tu at moderate and possibly at even lower 
cost. The rating, moreover, will be fairly equal for 
all sizes and it will be dependable. As a finished product 
inducing neatest installation and dignified treatment, 
it gives no excuse for screening, which is not a solu- 
tion but an evasion of heating problems. Finally, 
in so far as the location of radiators beneath windows 
is favored, the best room heating effect is assured. 
Thus all of the uncertain factors in rating and applica- 
tion are practically eliminated by plain exposed radi- 
ation, when designed for highest thermal, hygienic 
and aesthetic qualities. And these qualities are at- 
tainable at no unreasonable cost. In fact, the con- 
sistent use of heating surface beneath windows 
would permit a reduction of patterns, if these were 
specially suited. Two or three heights in one depth 
will suffice in all ordinary sittiations and serve also, 
if need be, on inside walls, For these few sizes at 
least, standardization in general dimensions might 
easily be brought about. It would not involve the 
individuality of design. Competition in regard to 
the latter might rather be stimulated and prove to be 
valuable in evolving attractive radiation, thus help- 
ing the cause in general. Hygienic quality is coming 
to the fore. It has rightly led to the control of tem- 
perature and purity of the air in blast heating. Such 
control is not practicable with concealed radiators, 
but the desired results are attainable with clean ex- 
posed surfaces having mild radiant effect and pro- 
ducing air currents of moderate temperature. The 
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choice of type of system should lie between these. 
Steam heat is no longer installed in first class 
buildings in Central Europe, principally for hygienic 
reasons. Also, exposed radiation is gaining ground, 
not merely because of financial necessities. It is the 
trend for simplicity and truth, doing away with all 
sorts of frills and favoring the saner practice. This 
puts the heating man under the obligation of turn- 
ing out truly neat and finished work. But to bring 
the standard of installations nearer to what is done 
in other lines, would certainly do no harm. 
Radiation on the plan outlined was developed sev- 
eral years ago with the idea of combining such high 
qualities as would not exclude mass production, but 
should rather stimulate it and eventually result in 
Figs. 6 and 7 represent two patterns, in- 
Switzerland. One of the designs is a 


lower cost. 
troduced in 
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slab section which form seems appropriate for radiant 
effect. The rate of heat emission is fully equal to 
that of typical single column patterns, while the 
space occupied is considerably smaller, also com- 
pared with the tubular style. Weight and water con- 
tents are about equal to the latter. Only three heights 
are needed of each design. 

In spite of the present diverging tendencies in the 
United States, true progress would seem to lie in a 
similar direction, that is, in keeping up the develop- 
ment of clean and neat cast iron radiation, which 
needs no excuse or concealment, if judiciously se- 
lected to fit the space available. Design for serv- 
ice will also lead to standardization and the ques- 
tion of rating will then practically solve itself. This 
may be said to represent the legitimate demand of 
the engineers in the interest of their clients. Actual 
experience has shown that it involves no impossible 
task for the manufacturer and that such a product 
would be welcome to progressive architects, engi- 
neers and owners. The wide field of application cer- 
tainly assures the economic production for the benefit 
of all. 





Warming of Walls 


The following interesting analysis of the heat capacity 
of walls entitled “The Warming of Walls” by A. F. 
Dufton, M. A., D. J. C., of The Building Research Sta- 
tion appeared in the November 1927 issue of The Lon- 
don Edinburgh and Dublin Philosophical Magazine: 

“1. It is well known that some rooms are not readily 
warmed. Complete analysis of the warming of a room is 
not easy. The influence, however, of the fabric of a wall 
is shown by the time taken to warm the surface when 
heat is supplied to it at a constant rate. 

“2. For simplicity a homogeneous wall (of thickness 
d, conductivity k and diffusivity 4) initially at uniform 
temperature is considered. The rate of heating chosen is 
2 T k/d, twice that necessary to maintain the desired 
temperature difference T between the faces of the wall, 
and the temperature of the second face is assumed to 
be constant. 

In time ¢ the temperature of the wall at distance + 
from the heated surface increases by 
s| - 10S (Qn + 1) ~ 2 — On + Dx tht/Ad? 


r? 0 
) 
cos (2m + 1) ax/2d 9 
The rise at the surface, the limit of this as # tends 


to zero, is 


( 16 ~ pap “ ) 
ee, al > (Qn + 1) 7 2, — (2n +1) 2x%ht/4d? | 
{ r® 0 


and attains the value 7 when 


+ 1)~ 2, — (2m + 1)? x*ht/4d? _ 1, 


approximately after a time d?/5h,” 





































































ECAUSE of the wide scope of the subjects 

covered and the vital influence brought to bear on 

the present aspects of international engineering, 
the World Engineering Congress held in Japan October 
30 to November 7, 1929, probably outranks all other 
engineering conferences. The World Engineering Con- 
gress was held under the auspices of the Kogakkai, which 
is the engineeritig society of Japan, and is a federation 
of twelve technical societies of that country. 

Many engineering congresses have been held in the 
past in Europe and the United States, but this is the 
first occasion on which the Far East has convened such 
a gathering. Japanese engineers had long hoped for and 
awaited the opportunity for such an international con- 
gress to be organized under their auspices. Both the 
Imperial Japanese government and the general public, 
including important societies and eminent industrial con- 
cerns, readily gave their support, the government ap- 
propriating a special subsidy and the public making a 
general contribution toward the necessary funds. The 
Preparation Committee was under the chairmanship of 
Baron K. Furuichi, President of Kogakkai. 

The A. S. H. V. E. official delegates appointed by the 
Council, were W. H. Carrier, Newark, N. J.; Shozo 
Saito, Tokyo, and Kunisuke Sekido of Nakano. Mr. 
Carrier, who is second vice-president of the Society, 
and president of the Carrier Enginering Corp., presented 
a paper entitled Control of Humidity and Temperature 
as Applied to Manufacturing Processes and Human 
Comfort, which was published in the November, 1929 
issue of Heating, Piping and Air Conditioning. 

A most cordial welcome was extended to the delegates 
and guests of the Congress in the opening address by the 
Prime Minister of Japan, His Excellency Hamaguchi, 
who spoke in part as follows: 

We in the Orient have from ancient times a saying that 
nothing is more pleasant than to have friends come from a dis- 
tance by no means does justice to the case of the visiting dele- 
gates; some of you have come across the seas from lands tens 
of thousands of miles away, nor is the word “pleasant” adequate 
to express what we feel. It is perhaps a little more the truth to 


say that we are deeply stirred by irrepressible sentiments of joy 
and appreciation. 


A reception was given in the honor of the Overseas 
Delegates on November 3, 1929, by the Japanese Society 
of Domestic and Sanitary Engineering, the principal 
speakers being S. Kitaura, president of the organiza- 
tion, B. Mano, former president, and Shozo Saito. 

Dr. Kitaura spoke as follows: 


Allow me to say a few words in order to express our hearty 
welcome and thanks to all our guests who have come to this 
banquet held in Japanese style for the entertainment of all those 
Overseas delegates and members participating in the World 
Engineering Congress, who belong to the societies in their own 
countries intimately related to the Japanese Society of Domestic 
and Sanitary Engineering, of which I have the honor of being 
the president. 

Most of your papers related to our Society are not yet read, 
up till this day, at the meetings of the Congress, but I have already 
been enabled to look into their abstracts or advanced prints, and 
found them all to be very valuable reports, and when published 
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they will no doubt benefit and keenly interest the international 
scientific circles. I beg therefore, by this opportunity, to thank 
you most sincerely and ask you to kindly convey our profound 
feelings of gratitude to the members of your own societies at 
home, 

I ventured to invite you this evening to a dinner purely 
Japanese, and I hope this may not be wholly distasteful to you, 
though so different from the customs and manners to which you 
are accustomed at home, and that this may be an interesting 
experience on your journey. 

Gentlemen, please make yourselves as comfortable as possible 
here. 

Dr. Mano spoke in part as follows: 

The President, Mr. Kitaura, gave me a privilege to say a few 
words on this occasion, which I consider a great honor. 

First of all, I have to thank you, our esteemed guests, for 
sparing your most valuable time for us this evening. 

What I want to say is this, that our President and officials of 
this Society have taken great pains in entertaining you; you have 
been to several dinners, to many garden parties, evening parties as 
well as other gatherings and we wanted to show you something 
new in this line and after consulting many programs of this 
kind, we came to the conclusion that it would be best and wise for 
us to give you a Japanese dinner in quite a Japanese fashion. 

Our dishes may not meet with your taste; our singing girls 
may not be able to speak English, but we think you will find 
the singing girls entirely charming and as our Japanese dinner 
is concerned, you will find it quite new. * * * Our Society, of 
which I am one of the founders, was born only a few years ago 
and we look upon you as fathers and grandfathers as far as the 
existence is concerned, and as specialists of domestic and sanitary 
engineering you rank as teachers and professors, and therefore 
this meeting is the gathering of our family, being more than 
that of friends. 

We hope therefore that you will take this as a family party 
and please put your minds at ease (unfortunately I can’t ask you 
to sit at ease as you have difficulty in sitting in our Japanese 
fashion). 

We prepared this gathering for you this evening, hoping you 
will fully enjoy our social way of extending hospitality to you 
all. By your so doing, we shall feel more than satisfied. 

Mr. Saito spoke as follows: 

Allow me to introduce myself to you. My name is Shozo Saito. 
1 have been for years a member of the American Society of 
M. E., H. V. E., R. E. and the Institute of H. V. E. of London 
and also a member of the Society of Domestic and Sanitary En- 
gineering. But, for tonight, I only wish to speak to you per- 
sonally and not officially. 

It is really a greatest honor and pleasure for me to enjoy this 
evening with you who have come out so far away, and to my 
unfathomable delight the World Engineering Congress took place 
here in Japan for this time and I was able to have the unique 
opportunity to be acquainted with so many prominent personages 
of world-wide known. And we are all here together to spend 
this wonderful evening to augment our friendship. 

Indeed, I am very much grateful for your presence this evening 
at this Reception Party. And this party is to be greatly ascribed 
to the patronage and support of those companies, the names of 
which are given in the leaflets distributed among you. 


At an After Meeting of the Reception Party held on 
December 11, 1929, good wishes were extended to the 
Overseas guests for a Merry Christmas and a Happy 
New Year. A card bearing the signatures of the in- 
dividuals attending this meeting, is reproduced here- 
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with. Among the signatures are those of S. Kitaura, 
President of the Society of Domestic and Sanitary En- 
gineering, and Dr. Ritaro Hirota of the Reception Com- 


mittee. 

Many interesting papers relating to heating and ven- 
tilation were delivered at the Congress. Of the 544 
papers submitted, 319 came from Japanese sources, and 
225 from foreigners. The following are verbatim ab- 
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stracts by Mr. Saito of some of the papers relating to 
heating and ventilation: 

The Development of the Heating System in Japan, 
by Kunisuke Sekido. 

In the preparation of this brief note the writer tries to give 
to the readers an insight into the different stages of development 
which Japan has gone through in her heating system. In under- 
taking this he makes use of the close and intimate connections 
he has had with this problem in Japan for over thirty years. He 
depicts various phases of this branch of engineering practice as 
has obtained in Japan since its first introduction in about 1870, in 
five follows: Section I, Introduction; Section II, 
Steam and Hot Water Heating; Section III, Warm Air and 
Hot Blast Heating; Section IV, Cooling Systems; and Section 
\V, Ondor (Korean Native Method of Heating). 


sections as 


Ventilation of a Railway Tunnel, by Director of Im- 
provement Section of the Department Railway. 


The combustion gases produced by steam locomotives in rail- 
way tunnels not only corrode the track materials and disintegrate 
the concrete lining, but also threaten the health of engine-men 
and tunnel laborers, consequently lowering their efficiency. This 
is especially severe in our Government Railways as we have 





many long and steep grade tunnels under heavy traffic, the pre- 
cise data of which are given in the papers attached. Hence the 
ventilation of a long railway tunnel is one of the most serious 
and difficult problems presented to the railways. 

Last year we provided the first ventilation plant at the 
Higashiyama tunnel on the Tokaido line and this year, the second 
one at the Kobotoke tunnel on the Chuo line. 

This report describes mainly the ventilation plant at the 
Higashiyama tunnel in the following order: 

1. Determination of the reasonable quantities of various gases 
produced by coal combustion, and quotation of the numerical 
examples obtained by the actual observation made at the exist- 
ing tunnels Kobotoke and Utuo on the Chuo line. 

2. Description of the properties of gases in the tunnel and 
their influence upon human body as well as upon track mate- 
rials and tunnel structures. 

3. Description of various methods of tunnel ventilation adopted 
by other railways in the world. 

4. Description of the ventilation plant at the Higashiyama 
tunnel by the following items: 

(1) The locality and meteorological condition of the tunnel. 

(2) Details of the ventilation plant installed. 

(3) Quantities of poisonous gases produced in the tunnel. 

(4) Determination of the ventilation velocity, wherein the 
several methods of determining this velocity are described, and 
further, the determination of the ventilating velocity, i. e., five 
meters per second in consideration of the health of tunnel labor- 
ers and the local conditions of the Higashiyama tunnel as well 
as the operating time of the fan, is accounted for. 

(5) Determination of the necessary horsepower. As 
tioned above, ventilating velocity is determined, and then the neces- 


men- 


sary horsepower of the fan is calculated by the following 
formula: 
cu l v 
hk = resistance = ———— 
29g A 


quantities of air per 
second X resistance 





Necessary hp. = 


75 
M. hp. = 1.6 * N. hp. and 150 hp. adopted 


(6) Method of the operation of the fan. 

(7) Actual effect of the ventilation plant upon tunnel labor- 
ers, track materials and tunnel structure. 

(8) Construction cost, operation cost and amount of money 
reduced by ventilation plant. 

(9) Ventilation test at the Higashiyama tunnel. The co- 
efficient of the ventilating friction is very uncertain and it depends 
But to our great regret we have no re- 
And we 


upon various factors. 
liable value of this coefficient for the railway tunnel. 
executed actual observation at the Higashiyama tunnel to deter- 
mine the coefficient of friction, on completion of the ventilation 
By this observation the coefficient of the 
has been decided to be 


plant at this tunnel. 
friction in the Higashiyama tunnel 
0.00674. 


Ventilation of Vehicular Tunnels by Ole Singstad. 


Tunnels for vehicular traffic are of comparatively recent date. 
Before the general advent of the automobile, such tunnels de- 
pended upon natural draft for ventilation. Those of more recent 
date have been provided with mechanical ventilation. The out- 
standing example of the latter class is the Holland Tunnel . 
under the Hudson River at New York, consisting of two tubes, 
each equipped with a fresh air duct under the roadway and a 
vitiated air duct above the ceiling. These ducts are connected 
to the roadway area at frequent intervals by lateral flues or ports, 
and lead to a system of blower and exhaust fans housed in four 
large ventilation buildings. This system provides an air move- 
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ment across the section of the tunnel instead of a longitudinal 
one as is the case in all tunnels constructed previously. The 
Holland Tunnel system of ventilation thus obviates the neces- 
sity of high velocity air currents in the tunnel roadway. 

In planning the ventilation system of that tunnel it was found 
that very few authoritative data were available regarding the 
amount and composition of exhaust gases from automobiles, the 
physiological effects of such gases on human beings and power 


losses in concrete ducts, flues, elbows and air ports. Previous 





experiments on exhaust gases were not conclusive and the re- 
liability of the existing formulae on power losses was ques 
tionable. 

It was therefore considered necessary to conduct independent 
fundamental data before under- 
taking the design of the ventilation system of The Holland 
Tunnel. 


experiments to establish such 


The research work was carried out under a contract between 
the New York State Bridge and Tunnel Commission and the 
New Jersey Interstate Bridge and Tunnel Commission, jointly 
in charge of constructing the tunnel, and the United States 
Bureau of Mines, whereby the Bureau was to carry on the 
investigations in accordance with the program laid down by the 
Engineer of the Tunnel Commissions. 
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Investigations to determine the amount and composition of 
exhaust gases from motor vehicles were conducted on more than 
one hundred vehicles, under many conditions of service and 
road. 

Experiments to determine the physiological effects of carbon 
concentrations up to 10 parts of 


monoxide were conducted in 


carbon monoxide in 10,000 parts of air. It was established that 
4 parts of carbon monoxide in 10,000 parts of air was the maxi 
mum concentration permissible in the tunnel atmosphere, and that 
exposure to such a concentration should not exceed one hour. 
The research work to determine the friction losses in ducts, 
bends, etc., and the power required to furnish the requisite 
ventilation, were conducted on models of the tunnel ducts, flues 
and ports up to half size, air being passed through them by means 
of fans. The power, air flow and pressures were measured and 
the desired formulae developed. 
Experiments were also performed in a 
structed in an experimental mine, to 


ventilation system and to determine whether upward or down 


model tunnel con 


demonstrate the novel 
ward air movements would provide the more efficient ventila 
tion, and it was proved that admitting air from the lower duct 
and exhausting through the upper one was the better system. 

The ventilation of the Holland Tunnel has 


system proven 
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highly successful during sixteen months of operation, in which 
time over 11,000,000 motor vehicles used the tunnel. Other tun- 
nels have recently been built and still others are now under 
construction in various countries. 

With the successful ventilation of long vehicular tunnels (of 
large capacity and used by motor vehicles) a demonstrated fact, 
much popular and engineering interest is being shown in vehicu- 
lar tunnel construction. 


Experiments on the Permeability to Heat of Rein- 
forced Concrete Chimneys by Prof. Otto Graf. 


In the present work firstly the temperature drop and the strains 
caused by it in a chimney wall are discussed and the conditions 
for the construction of chimney walls are derived from it. In 
order to ascertain the actual conditions, Prof. Dr. Ing. Morsch 
suggested the execution of trials. In these trials the effect of 
different ways of insulating the chimneys as well as the influence 
of the velocity and of the temperature of gases had to be in- 
vestigated. The results are summarized and the deficiencies 
of knowledge are discussed. 


Ventilation of the Railway Tunnels, by Ing. Cav. Uff. 
Efisio Vodret. 


The report in general treats the question of ventilation of 
underground railways, but in particular, the ventilation of tun- 
nels in operation, i. ¢., regarding the important problem, which 
especially insofar as those lines worked by steam are concerned, 
has always been one of the fundamental points of railway 
service, but in regard to trains and the personnel who stop or 
pass through the tunnels for line service. 

It reviews the main points of the problem from a theoretical 
and practical side; it mentions the various systems of artificial 
ventilation and pauses to explain the system that the Italian 
engineer, Marco Saccardo, invented, tried and developed thor- 
oughly, solving and in a simple way, the important problem. 

The report shows how the idea first came to the inventor, 
and how it was perfectly realized mechanically, so that the Sac- 
cardo System is actually the best for artificial ventilation of the 
longest railway tunnels. To the first plant, tried with reserved 
confidence, great plans followed with the same fundamental 
principle, improving only the executive means with the develop- 
ments and results of mechanical engineering. 

The problem originated several years ago (1889) but yet it 
is, and will remain of actuality till the railroad systems in 
the world are improved and completed. 

The report aims to keep alive the important questions showing 
the old and new elements interesting to the various sides of it. 
The question is treated: 

1. With regard to the building of tunnels. 

2. With regard to their operation. 

The second part is that which has had the greater and more 
detailed development. 

After mentioning the various phases of the problem, the re- 
port illustrates the Saccardo System, its theory, and the main 
points which characterize the principle, i. ¢.: 

1. The Saccardo System is superior inasmuch as it provides 
for the general ventilation of the tunnel, thus improving the 
breathing conditions of the train staff, and line personnel. 

2. The Saccardo System does not require the building of 
special wells or subterranean ways which are sometimes nox- 
ious; results can be obtained from an inexpensive plant and it 
can be applied to tunnels already in operation without hindering 
the traffic. 

3. An injecting Saccardo apparatus is always efficacious in 
attenuating the effect produced by the gas left by the engine, 
not only insofar as the steam caused by the train in ascent, is 
concerned, but also when suppressing or weakening the steam 
itself. 

4. Ventilation by the Saccardo System can be regulated ac- 
cording to the need, and with the greatest effect. 
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5. Lastly the Saccardo System constitutes a successful, prac- 
tical and economical solution of the problem of ventilation of 
underground railways, and it is convenient to take same into 
consideration in the various cases. 

The report, furthermore, presents an interesting comparison 
between the pneumatic efficiency of the converging injecting 
Saccardo apparatus and that for the direct emission of air into 
tunnels by tubes. 

The report finally, in short, reviews the various plants made 
of the system from the beginning to the present time, especially 
mentioning the most up-to-date, in Italy. 

The report is illustrated by drawings and photographs. 


Train Heating on the Electrified Lines, by Ing. Cav. 
Severo Bissone. 

Allusion is made to the usual winter heating system on elec- 
trically driven trains, by means of boiler wagons for the pro- 
duction of necessary steam. 

Mention is also made of an experiment which has now been 
abandoned owing to the unsatisfactory results obtained, with 
electrical boilers mounted on several locomotives of the three- 
phase system, 3600 volts and 16.7 periods. 

Water contained in said boilers of considerably small volume 
acted as a conductor and connected directly with the line phases 
and the boiler body connected with the third phase (ground). 

Having mentioned that the heating by means of electrical 
radiators is adopted on the Italian electrical railways only on a 
small part of material in service on lines with 650 volts con- 
tinuous current, and it is noted finally that recent experiments 
have been made whose results have encouraged their development, 
with naphtha fuel boilers mounted directly on locomotives and 
consequently to be taken care of the locomotive drivers and 
evidently with considerable economy. 


In addition, the following papers referring directly or 
indirectly to heating and ventilation were submitted: 

On the Cooling of an Under-Ground Hot Piping, by 
S. Nukiyama. 

On the Process of Drying Cocoons at a High Tem- 
perature, by G. Imai. 

On the Thermal Flexure of a Flat Slab Heated Uni- 
formly on One Surface, by N. Yamaguchi. 

The Trend of Modern Heating in the British Isles, by 
J. R. Preston. 

New Problems in the Heating Industry, by C. W. 
Brabbee. 

Development of Water Tube Boilers in Japan, with 
Special Reference to “Takuma” Boiler, by M. Kamo. 

New Earthquake-Proof Socket Joint of Cast Iron 
Pipe for Water Main, by Z. Takenaka. 

Although the Congress closed officially on November 
7, 1929, events were scheduled up to November 22, 1929. 
These included excursion trips and inspection tours. At 
the conclusion of the Congress many of the American 
guests continued their trip around the world visiting 
China, India, Africa and European countries. 





Niagara Blower Office Opened 


W. G. R. Braemer of Philadelphia has opened an office in the 
La Fayette Bldg., for the Niagara Blower Co., Buffalo, N. Y. 


New Address for Ilg 


J. M. Frank, vice-president of Ilg. Electric Ventilating Co., 
Chicago, Ill., manufacturers of fans, blowers and unit heaters, 
has announced that the Chicago sales office is now located at 
182 North La Salle St. 














Local Chapter Reports 





Cleveland 


December 13, 1929. The members and guests of the Cleveland 
Chapter met in the rooms of the Cleveland Engineering Society 
on December 13, for their regular monthly meeting. 

At this meeting, H. M. Nobis was selected to represent the 
Chapter as a member of the Nominating Committee at the 
Annual Meeting of the Society in Philadelphia in January. 

An interesting paper was read by H. M. Nobis, heating and 
ventilating engineer, describing a unique heating and ventilating 
system in the Allen School, Elyria, O. Mr. Nobis illustrated 
his talk with photographs and drawings, which was followed by 
a most interesting discussion, and later by adjournment. 


Illinois 


January 13, 1930. E. P. Heckel, the principal speaker of the 
evening, described the ventilating, air conditioning and refrig- 
erating equipment at the Chicago Stadium. There are 16,300 
permanent and 6,542 temporary seats; an oval floor 145x245; 
85,000 ft. of 1% in. brine piping through which 1400 gallons 
of brine circulate per minute. Seven hours to cool and 4% hrs. 
to spray the floor are required to make a sheet of ice % in. 
thick. A lively discussion of the subject followed. 

The proposed reduction in the personnel of the Division of 
Heating, Ventilating and Industrial Sanitation in the City Hall, 
and in particular, the reduction of engineers from nine to three, 
was discussed by H. G. Thomas. He drew attention to the 
fact that the City Council had voted to retain the nine; prob- 
ably largely as a result of letters of protest from this Chapter 
to the Mayor, Aldermen and others and the personal solicita- 
tion by Messrs. Thomas, DeLand and Heckel. Mr. Thomas 
read letters from the Chapter and a response from the Mayor 
and pictured the inevitable slowing up in the industry which 
would have resulted if the department were unable to make 
inspections promptly. 

Mr. Aeberly discussed the need of better cooperation in the 
industry and the need of a board or commission to represent 
the architects, consulting engineers, ventilating contractors, steam 
fitting contractors, and the Society, and any other. group that 
may be responsible for construction work. He then proposed the 
following resolution: “That a committee of three or five be ap- 
pointed to investigate the need of a Better Relations Commission 
and to report back at the next regular meeting the feasibility of 
such plan and if feasible, a brief outline of such a Commission’s 
duty as well as its scope and powers.” This motion was seconded 
by Mr. Milliken and was unanimously passed. 


Kansas City 


December 9, 1929. The December meeting of the Kansas City 
Chapter was held at the Ambassador Hotel, on December 9, with 
an attendance of 41 members and guests. 

The meeting was called to order by President Clegg, who 
presided over the meeting, followed with the reading of several 
reports given by the various Committee Chairmen. 

The principal subject of the evening was the Effect of Air 
Space and Surface Coefficients on Heat Transmission, which 
was presented by Prof. F. B. Rowley, University of Minnesota. 
Professor Rowley gave a very interesting lecture, using lantern 
slides to illustrate the tests, which were conducted at the Labora- 
tory of the University. He further elaborated upon past ex- 
periments, giving the value of air spaces of different widths, 
as regards their insulation value. 


This paper was an advance discussion of the same subject 
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which Professor Rowley will present at the Annual Meeting of 
the Society in Philadelphia, January 28 to 31. 

An interesting discussion followed concerning various surface 
coefficients and the fact that in insulation over 3 in. was of no 
additional value and might prove detrimental due to additional 
air circulation in large air spaces. 

Economy of insulation in houses was then reviewed by Amdi 
Worm, who also discussed a recent paper appearing in the Jour- 
NAL of the Society, which attempted to rate various insulations. 

This meeting was one of the largest meetings held by the 
Chapter, and was attended by as many guests as there were 
members. 


Following Mr. Worm’s discussion, the meeting was adjourned. 


Michigan 


January 13, 1930. This meeting was held at the Cadillac Ath- 
letic Club, Detroit, with 94 members and guests in attendance. 

One of the speakers of the evening was Soren Thorensen, 
Engineer of Designs of the Detroit and Canada tunnel, who 
was introduced by Col. B. R. Value, Executive Engineer. Mr. 
Thorensen used slides to illustrate his lecture, which covered in 
detail the design of this tunnel. It is interesting to note that 
for ventilating the tunnel, the new air is admitted near the floor 
and is exhausted at the top of the tunnel. The air supply is 
based on 42 air changes per hour. 

The other speaker was Prof. W. D. Henderson, Director of 
the Extension Division of the University of Michigan, whose 
subject was, What the Machine Age is doing for Us and to Us. 
Professor Henderson declared that the time rate of change at 
the present is the greatest in all history and that the time rate 
of change during the next 25 years will influence the world for 
the next one thousand years. 

J. Whelan and E. E. Dubry outlined the February meeting 
which is to be held at the Delray Plant of the Detroit Edison 
Co. J. R. McColl, A. Rowe and J. F. McIntire spoke in behalf 
of the Annual Meeting in Philadelphia, and Cecil Farrar, Chair- 
man of the National Membership Committee, made a spirited 
plea for new members. 


New York 


January 20, 1930. A paper dealing with Steam Service from 
Central Stations in New York City, prepared by William J. 
Baldwin, Jr., Chief Engineer of the New York Steam Corp., was 
presented at this meeting. 

L. S. Phillips, Assistant Manager of Commercial Relations, 
read the paper, and A. R. Mumford, Chief of the Technical 
Department, in charge of plant operations, presented stereopti- 
con slides illustrating the address. After outlining the history 
of the company and its development as a public utility in sup- 
plying steam for a variety of large structures, Mr. Phillips 
said that the capital investment of the company will exceed 
$45,000,000.00 before the close of this year. Last year 20,000 
feet of new mains were laid, generally five feet below the street 
level, but it is sometimes necessary to go down 18 to 20 ft. 
The largest mains are 24 in. with extra heavy steel flanges 
welded to the pipe, the lengths being 24 ft. 3 in. of steel pipe, 
bolted together and tested to 250 Ib. per square inch hydraulic 
Corrugated expansion joints are used, two joints 
Special pipe 


pressure. 
being located on either side of an anchored base. 
conduits with 6 in. concrete reinforced base properly drained 
and filled with mineral wool enclose the mains. The mains are 
covered with 2 in. asbestos sponge covering. The subject of 
superheated steam -has been much discussed and considered, 
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but has not been adopted by this utility. The loss of steam by 
condensation in the mains is comparatively small and there are 
other distribution steam losses through leaking traps, etc., but 
this is not large or sufficient to interfere with the economical 
distribution of the service as a whole. Metering is an essential 
part of the distribution system and one which is handled by an 
experienced staff and operating force. A steam flow meter with 
a variable orifice is the principal type used by this utility in 
metering steam to consumers. Some condensation meters are 
used, particularly for very small consumers, where satisfactory 
records are not obtainable with the smallest size flow meter 
manufactured. The substantial accuracy of the meters is 
guaranteed by the utility to within 3 per cent and meters are 
tested under the supervision of the Public Service Commission 
in accordance with the terms of the service agreement under 
which steam is supplied. 

The regulation of the steam pressure is part of the distribu- 
tion work, and for this purpose service reducing valves are 
supplied to reduce from street pressure to the lower fixed pres- 
sures required by the consumers. Secondary reductions in pres- 
sure for heating and other exceedingly low pressure require- 
ments are handled by the consumers by installing secondary 
reducing valves. 

The paper also dealt in detail with the costs of the service 
and the company’s policy with regard to the engineering service 
rendered. It was stated that from the engineering viewpoint, 
the stations in which the steam is produced are the vitals of 
Steam is its product made from water and fuel. 
Over one-half of the 


this utility. 
It is, however, more than boiled water. 
entire capital is invested in boiler plants. 

The attendance at this meeting was 104, including about 30 
guests from the New York Steam Corporation. 


Philadelphia 


January 9, 1930. The regular meeting of the Philadelphia 
Chapter was devoted primarily to the election of officers, and 
the transaction of numerous items of business in connection with 
the routine affairs of the Chapter. 

Thornton Lewis, National President, outlined briefly the nu- 
merous papers scheduled for the 36th Annual Meeting of the 
Society, and made an earnest plea for a big increase in the 
local Chapter membership. Each member of the local Chapter 
was asked to make a special effort to obtain at least one new 
member before January 27, 1930. Mr. Lewis also pointed out 
that no engineer can be greater than the profession with which 
he is affiliated, nor of the engineering society of which he is a 
member. He further pointed out that the influence of the 
Society can only be broadened by the increase in its: member- 
ship, and by securing the best engineering ability available for 
the presentation of papers at Chapter and National meetings. A 
lively discussion followed, after which J. D. Cassell was elected 
Chairman of a special committee for increasing the membership 
of the Philadelphia Chapter. 

H. P. Gant gave a very interesting and comprehensive report 
on the /nternational Heating and Ventilating Exposition to be 
held at the Commercial Museum January 28 to 31, 1930, inclu- 
sive, in connection with the Annual Meeting of the Society, 
quoting figures which indicated that the Exposition would unques- 
tionably be an outstanding success both from an engineering 
and financial viewpoint. 

R. C. Bolsinger, General Chairman for the 1930 Annual Meet- 
ing, reported that very satisfactory progress has been made 
on plans for the meetings. He also promised some unusually 
interesting features and surprises for the Annual Dinner and 
Dance to be held Thursday evening, January 30, and urged all 
members to make reservations at the earliest possible date in 
order to avoid the last minute rush. 

M. F. Blankin, Chairman of the Meetings Committee, W. A. 
Bornemann, Chairman of the Membership Committee, and C. D. 
Graham, Chairman of the Year Book Committee, gave brief 
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reports on the work performed by their various committees dur- 
ing the past year. 

H. P. Gant nominated R. C. Bolsinger as delegate, and A. J. 
Nesbitt as alternate, for the local representative on the National 
Nominating Committee of the Society. The nomination was 
properly seconded by J. D. Cassell, and these gentlemen were 
elected unanimously. 

The motion being properly seconded, was carried, and the 
following officers were unanimously elected: 


gt SOLES Se pr oe Sl pen eee ea ee H. G. Black 
hd oe ee a aly op db # Phin E. N. Sanbern 
ere baths cuildn chan was haelen sic’ L. C. Davidson 
I re Rie at nee caleba ei ha weiataedee W. H. Wild 


Board of Governors: A. C. Edgar, A. J. Nesbitt, M. F. Blan- 
kin. 

St. Louis 

January 8, 1930. The regular monthly meeting of the St. Louis 
Chapter of the Society was held at the Roosevelt Hotel, January 
8, 1930, with President White presiding over a gathering of 22 
members. 

J. M. Foster, chairman for the Program Committee, reported 
that the unit heater division of his Committee was going to pro- 
vide the program for the February meeting and that Gas Heating 
would be the subject for the March meeting. It was also de- 
cided that the June meeting should be given over to Ladies’ 
Night, as has been the custom for some time. 

C. A. Pickett, chairman of the Entertainment Committee, an- 
nounced that there would be a dinner dance in February, which 
was followed by various reports from the Committee chairmen. 

As a token of appreciation for his activity and loyalty to the 
Chapter when he was able to take part in its activities, and as 
an expression of sympathy for him in his present illness, the 
Chapter voted unanimously to send Vincent Rossman a paid 
bill for his dues for the ensuing year. 

The Chapter, by unanimous vote, selected C. A. Pickett as 
representative for the Nominating Committee for the Annual 
Meeting at Philadelphia, and G. Myers as the alternate. 

Tom Gale of the St. Louis Heating and Piping Contractors 
Association gave an interesting and instructive discourse on the 
Heating and Piping Contractors National Standards, illustrating 
his talk with several examples for figuring radiation. At the 
conclusion Mr. Gale was given a rising vote of thanks by the 
members present, after which the meeting adjourned. 





The Guide 1930 


The A. S. H. V. E. Gume 1930, which is the eighth annual 
edition and comprises nearly 1000 pages, is now available. “The 
most important book in its field,” contains a vast amount of new 
and revised data gathered from a variety of sources. They are 
presented in readily usable form with the hope that an effective 
service in the advancement of the industry will be rendered. 

Truth and service are supreme in the conception of this 
volume. It is felt that these form the lifeblood of the profes- 
sion and of all industries allied to the profession. There has 
been no deviatior from the principles upon which THe GUIDE 
was founded in 1922. The makeup of Tue Guipe 1930 has 
been changed radically in the hope that it will make the book 
easier to use. Several of the older chapters have been consoli- 
dated and an effort has been made to coordinate the various 
subjects treated in the 34 chapters. 

All of the data have been prepared by carefully selected En- 
gineers, each pre-eminent in his specialty, and have been sum- 
marized and tabulated for ready reference. Several new chap- 
ters appear in this edition of THe Guune, including chapters 0” 
coal, electrical heating, physical units and tables, symbols and 
abbreviations, specification items, and special heating and ventila- 
tion applications. Heating and ventilation have been treated 
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together rather than separately, for the reason that they are so 
related and interdependent that no definite division can be drawn. 

All other chapters have been revised in accordance with cur- 
rent knowledge and practice. The heat transmission tables of 
Chapter 2, Heat Losses from Buildings, have been enlarged and 
rearranged to include many common types of construction, and 
all the tables have been recomputed using a new conductance 
factor for air spaces. A discussion of the economic value of 
insulations has been added to this chapter, in addition to data 
regarding condensation on interior building surfaces. 


Chapter 3, Standards of Ventilation, has been condensed, and 
important new data added. Chapter 4, Systems of Ventilation, 
includes a discussion of natural ventilating systems, gravity ven- 
tilating systems and mechanical ventilating systems. Chapters 
on both gravity and fan pressure warm air systems are included 
in THe Gurpe, and data on a fan-furnace system for residences 
and other small buildings incorporated. 

The chapter on Air Conditioning has been especially improved, 
and considerable available information and data on this subject 
included. A particularly valuable chapter of THe Guine 1930 
is that relating to piping for steam heating systems, which has 
been rearranged so that the pipe size data are much more readily 
understood and applied. The usefulness of the chapter on Dry- 
ing has also been greatly increased by the addition of consider- 
able new data. The new chapter on Special Heating and Venti- 
lating Applications includes reference to a number of important 
special phases of this subject, including greenhouse heating, 
dairy barn ventilation, government buildings, heat exchangers, 
cold storage warehouses, zoning, and air conditioning of libraries 

The arrangement and indexing of Tue Guipe 1930 have had 
special study so that the book may be used with maximum effec- 
tiveness. A start has been made this year to supplement the 
Technical Data with Catalog Data in such form that it “con- 
Many manufacturers have prepared copy 
which gives specific instructions to amplify the general rules 
which appear in the text. An endeavor has been made not so 
much to enlarge the copy as to improve the content and format. 


tinues the story.” 


Heating - Piping , 
and Air Conditioning 


NI 
wn 





In the Catalog Data 
section, the manufacturer 
has been invited to pre- 

Amerie an sent the complete story 
/ of his products so that 


Soc idly 
HEATING 29 
y PNTIATINY 
‘ information 
him to 


the user will have before 
him concise and complete 
which will 


f nce 


7 {| f agi _ | oy the 
yest selection which mod- 
ern equipment affords. It 
has been the policy that 
the 
presented in the Catalog 
Data useful 
and 


mere collection of claims, 


manufacturers’ data 

section be 
serviceable,—not a 
high - sounding catch 
phrases or superlatives, 

8! but an informative presenta- 
DITION 


ee 


tion of helpful information. 
Eleven thousand, two hundred copies 
of this issue are published and it is offered to 
the profession and the industry at large with the hope that it 
will render an unique service as the standard reference work 
on heating and ventilating. 
This work was produced under the direction of the Guide Pub- 
V. Haynes, W. H. 
D. Close, 


lication Committee, S. R. Lewis, Chairman, C, 
Carrier and J. F. McIntire, Vice-Chairmen, and P. 
Technical Secretary. 

The Guide Publication Committee will greatly appreciate sug- 
gestions for improvement of the néxt edition, which suggestions 
should be forwarded to the headquarters office of the Society, 
29 West 39th Street, New York, N. Y. 

Tue Guipe 1930 has a semi-flexible, blue binding stamped in 
gold, and may be obtained for $5.00 per copy. 








CANDIDATES FOR MEMBERSHIP 








The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants tor mem- 


bership in the Society. 


All applications for membership are to be sent to the Secretary and the name of applicants and their 


references shall be printed in the next issue of the Journal of the Society or sent to the members in other approved manner as 


ordered by the Council. 
upon by the Membership Committee as soon as possible. 


When replies are received from references, the Candidate’s application shall be submitted to and acted 


When the Membership Committee has acted favorably upon a Candidate’s application and assigned his grade, the Council shall 


vote upon the election of the proposed Candidate for membership by letter ballot. 


During the past month 54 applications for mem- 


bership have been received and the names of these men and their sponsors are published in the following list. 


Members are requested to scrutinize the list with care. 


The Membership Committee, and in turn the Council, urge the mem- 


bers to assume their share of the responsibility of receiving these candidates into membership by advising the Secretary promptly 


of any whose eligibility for membership is in any way questioned. 


All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 


duty of every member to promote. 


Unless objection is made by some member by March 1, 1930, these candidates will be balloted upon by the Council. 


Those 


elected to membership will be notified by the Secretary, immediately after election. 


CANDIDATES 


Aruerton, F. R., American Radiator Co., Detroit, Mich. 


Braatz, CHESTER JOHNSON, Inst., Steam & Gas Engrg., Univ. 
of Wisconsin, Madison, Wis. 


Brown, Tom, B. F. Reyolds & Co., Detroit, Mich. 


Buckiey, Martin B., New Business Manager, Kansas City 
Gas Co., Kansas City, Mo. 





REFERENCES 


Proposers Seconders 


G. H. Giguere W. G. Boales 
C. W. Farrar H. C. Kappler 
G. L. Larson W. M. Richtmann 
F. C. Houghten F. G. Weimer 
G. H. Giguere H. L. Walton 
L. L. Smith L. L. McConachie 
C. A. Weiss W. E. Gillham 
J. H. Kitchen N. W. Downes 
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Byrnes, Emmet F., Manager, H. Kelly & Co., Detroit, Mich. 


CANTWELL, Joun DeMutna, Engr., Trane Co., and A. Harvey’s 
Sons Mfg. Co., Detroit, Mich. A 


Conover, Epmonp W., Research Engr., Detroit Steel Products 
Co., Detroit, Mich. 


Cooper, Frepertck D., Excelso Products Corp., Buffalo, N. Y. 


CossaBpoom, Grorce CarLton, Weston & Ellington, Detroit, 
Mich, 


Cowan, Epwarp, Jr., The Cowan Co., Detroit, Mich. 


CuNDALL, Lincotn Atwoop, Estimator & Asst. to Pres., L. A. 
Harding Constr. Corp., Buffalo, N. Y. 


Decker, Emu J., Automatic Coal Burner Corp., West New 
York, 


FALTENBACHER, Harry Joun, Plbg. & Htg. Contractor, 235 E. 
Wister St., Philadelphia, Pa. 


FisuHer, Avsert E., Sales Engr., Kerr Mchy. Corp., Detroit, 
Mich. 


GALLARNO, Cuartes A., Secy., Treas., The Donald Miller Co., 
Detroit, Mich. 


Gippey, York, R. F., Vice-Pres. & Genl. Megr., Bryan Boiler 
Sales, Inc., Detroit, Mich. 


GuILrorp, FrepertcK WiLitiAM, A. Harvey’s Sons Mfg. Co., 
Detroit, Mich. 


Harney, Francis W., Dir. of Engrg. Research, Upson Co., 
Lockport, N. Y. 


Harrison, CHARLES GreorGE, Crane Co., Detroit, Mich. 
Hasspercer, H. C., Lorne Plbg. & Htg. Co., Detroit, Mich. 
Honces, Grorce S., Jr., Detreit Stoker Co., Detroit, Mich. 
JENNINGS, WARREN G., Res. Vice-Pres. & Branch Mgr., Minne- 


apolis-Honeywell Regulator Co., Chicago, III. 


Keviey, ArtHur D., Jr., Sales Engr., York Htg. & Vtg. Corp., 
New York, N. Y. 


KinG, Davin J., American Blower Corp., Detroit, Mich. 


Meyer, Cuartes L., L. J. Wing Mfg. Co., New York, N. Y. 


Mo.inet, Icnacio S., Carrier Engrg. Corp., Newark, N. J. 
Mo.ier, Ropert Curistian, Carrier-Lyle Corp., Boston, Mass. 


Nacetson, Lou M., Western Sales Mer., Buckeye Blower Co., 
Columbus, Ohio. 

OuHNELL, Ernest, Jr., Sales Mer., Midwest Mfg. Co., Bradford, 
Pa. 

Ormssy, H. KinGstey, Jr., Hoffman Specialty Co., Waterbury, 
Conn. (Advancement) 


Park, Joun F., Carrier Engrg. Corp., Newark, N. J. 

Parrock, Epwin J., American Blower Corp., Detroit, Mich. 

Peacock, Herpert, Dist. Mgr., Carrier Engrg. Corp., Detroit, 
Mich. 


PETERSON, STERLING DoNALp, Seattle Repr., Johnson Service 
Co., Milwaukee, Wis. 


Puitip, WitiiAM, Asst. Htg. Engr., McKellar & Blackhall, 
Toronto, Ont., Canada. 


Por, Tuomas O., Pres., Poe Co., Detroit, Mich. 


Purvy, Ettwoop D., Pres., Hardinge-Detroit Corp., Detroit, 
Mich. 


RaAcHAL, JoHN Merepiru, Carrier Engrg. Corp., Newark, N. J. 


G. H. Giguere 
H. M. Stephen 


G. H. Giguere 
W. G. Boales 


G. H. Giguere 
W. C. Randall 


G. H. Giguere 
R. K. Milward 
G. H. Giguere 
J. L. Fuller 


G. H. Giguere 
W. A. Blessed 


L. A. Harding 
C. A. Booth 


C. W. Hall 
Noel Cunningham 


W. H. Wild 
R. C. Bolsinger 


G. H. Giguere 
W. J. Whelan 


G. H. Giguere 
H. M. Stephen 


G. H. Giguere 
W. G. Boales 
G. H. Giguere 
J. L. Fuller 


F. H. Burke 


G. H. Giguere 
H. M. Stephen 


G. H. Giguere 
H. M. Stephen 


G. H. Giguere 
J. L. Fuller 


H. G. Thomas 
C. W. Johnson 


H. B. Hedges 
H. P. Gant 
G. H. Giguere 
H. E. Paetz 


W. G. Hillen 
J. I. Lyle 


G. G. Schmidt 
V. S. Day 


W. I. Lawson 
S. E. Fenstermaker 


John Hellstrom 
E. B. Cresap 
C. W. Stewart 
J. K. Peacock 
W. G. Hillen 
Herbert Coward 
G. H. Giguere 
H. C. Kappler 
G. H. Giguere 
L. L. Smith 


W. W. Cox 
W. E. Beggs 


W. R. Blackhall 
W. G. Sheppard 


G. H. Giguere 
H. C. Kappler 
G. H. Giguere 
J. L. Fuller 


W. G. Hillen 
J. I. Lyle 
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L. L. Smith 
W. A. Blessed 


. C. Kappler 
L. Smith 


O. K. Dyer 
R. T. Thornton 


*. C. Kittle 
D. H. Faulkner 
Lee Nusbaum 


W. G. Culbert 


W. A. Blessed 
H. C. Kappler 


W. A. Blessed 
W. J. Whelan 


R. R. Peckham 
N. B. Hubbard 


R. K. Milward 
J. E. Degan 


L. A. Harding 
H. B. Roarke 


W. A. Blessed 
H. C. Kappler 
J. C. Degan 
E. H. Clark 
N. B. Hubbard 
E. H. Clark 
C. W. DeLand 
J. J. Aeberly 
W. H. Price 
C. D. Graham 


N. B. Hubbard 
H. M. Stephen 


rm 


M. S. Smith 
L. Lewis 


. E. Stacey, Jr. 
D. Park 


N. Warren 
W. Noland 


W. M. Reed 

J. F. Reed 

W. K. Simpson 
M. C. Gillett 


W. H. Carrier 
H. Worsham 


W. A. Blessed 
H. M. Stephen 
W. A. Blessed 
H. C. Kappler 


Marius Anderson 
P. M. O’Connell 


H. S. Moore 
L. A. Hood 

C. W. Farrar 
W. G. Boales 


W. J. Whelan 
W. A. Blessed 


F. P. Anderson 
H. Worsham 


POOP 
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RANDALL, Hersert N., Sales Engr., Warren Webster & Co., 
Detroit, Mich. 


RANDALL, Ropert D., D. T. Randall & Co., Detroit, Mich. 


READER, JoseEPH THoMAs, Vice-Pres., Kerr Mchy. Corp., De- 
troit, Mich. 


Sanps, Joun S., Westinghouse Elec. & Mfg. Co., Philadelphia, 
Pa. 


SANForD, STERLING S., Htg. Engr., The Detroit Edison Co., 
Detroit, Mich. 


SHAVER, E_tmer W., Sales Engr., Coon-DeVisser Co., De- 


troit, Mich. 


Sued, Micuaet B., American Radiator Co., Detroit, Mich. 


SkiLtin, N. Morton, Dist. Sales Mgr., Cohoes Rolling Mill 
Co., Detroit, Mich. 


Situ, C. Warner, Dist. Megr., Ilg Electric Ventilating Co., 
Philadelphia, Pa. 

Stewart, Eart Avsert, Estimator & Engr., McVehil Plbg. 
Co., Washington, Pa. 


Swartz, Henry A., Sales Engr., U. S. Radiator Corp., De- 
troit, Mich. 


SyLvAN, Stic G., Research Engr., Midwest Mfg. Co., Bradford, 
Pa. 


TRETHAWAY, Ray S., Sales Engr., Chicago Pump Co., Chi- 
cago, Ill. 

Water, WittiaM, York Htg. &- Vtg. Corp., New York, 
a 


4 


WarrREN, Water Josern, Smith, Hinchman & Grylls, De- 
troit, Mich. 


Wittett, Witutram McN., York Htg. & Vtg. Corp., Philadel- 
phia, Pa 
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Candidates Elected February, 1930 


In past issues of the Journal of the Society the names of the following men were listed as Candidates for Membership. 
membership grade of each Candidate has been assigned by the Membership Committee and balloted upon by the Council. 
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G. H. Giguere H. C. Kappler 
R. K. Milward W. G. Boales 
G. H. Giguere W. A. Blessed 
H. M. Stephen H. C. Kappler 
G. H. Giguere W. A. Blessed 
H. L. Walton H. C. Kappler 
H. M. Patrick E. N. Sanbern 
L. C. Davidson R. F. Hunger 
G. H. Giguere N. W. Calvert 
J. H. Walker E. E. Dubry 
G. H. Giguere J. L. Fuller 
H. C. Kappler W. A. Blessed 
G. H. Giguere H. M. Armstrong 
H. R. Linn W. A. Rowe 
G. H. Giguere W. G. Boales 
H. C. Kappler H. M. Stephen 
J. M. Frank B. W. Wilson 
B. L. Casey E. N. Sanbern 
C. W. Wheeler E. C. Evans 
H. E. Digby E. W. McVehil 
G. H. Giguere E. E. McNair 
J. F. McIntire W. A. Blessed 
John Hellstrom W. M. Reed 
E. B. Cresap H. C. Murphy 
G. H. Giguere E. H. Clark 
H. C. Kappler J. L. Fuller 
H. B. Hedges W. H. Price 
H. P. Gant C. D. Graham 
G. H. Giguere H. M. Stephen 
L. L. Smith W. A. Blessed 
F. P. Anderson W. F. Noll 
Thornton Lewis J. S. Jung 

The 

We are 


now instructed by the Council to post herewith, as required by Art. II, Sec. VIII, of the By-Laws, the following list of candidates 


elected : 


MEMBERS 
“—— Josern L., Carrier Engineering Corp., Philadelphia, 
a. 

Dawson, Tuomas L., Thos. L. Dawson Co.,.Kansas City, Mo. 

Fartey, W. F., Mer., Heating Dept., Crane Co., New York, 
N. Y. 

Graves, CLARENCE C., Secy.-Treas., Graves & Graves, Inc., 3047 
Sheffield Ave., Chicago, Ill. (Advancement.) 

IsraEL, CHarLes Henry, Jr., Salesman, York Heating & Venti- 
lating Corp., Philadelphia, Pa. 

Mann, ArtHur R., Owner, Mann & Co., Archts. & Engrs., 
Hutchinson, Kans. 

Nessr, Anprt, Nessi Freres & Cie, Paris, France. 

ScHarer, Harry C., Dist. Sales Mgr., B-Line Gas Boiler Co., 
Cleveland, Ohio; Skinner Bros. Mfg. Co., Inc., St. Louis, 
Mo.; Mears-Kane-Ofeldt, Inc., Philadelphia, Pa. 

Wattace, R. Ropert, B. F. Sturtevant Co., Chicago, IIl. 

ASSOCIATES 

Anpvers, GrorcEe W., Pres., Sterling Engrg. Co., Milwaukee, Wis. 

AXTHELM, Frep G., 648 N. Forest Ave., Webster Groves, Mo. 

BRAKENRIDGE, CHARLES Ear, Anthracite Coal Service, Chi- 
cago, IIl. 

CunnincHaM, Tom M., Branch Mgr., Carrier Engrg. Corp., 
Dallas, Tex. 

Depre, Frep W., Dist. Sales Repr., 1823 Railway Exchange Bldg., 
St. Louis, Mo. 

Gerstunc, G. Water, Multicell Radiator Corp., Buffalo, N. Y. 

GLAnz, Epwarp, Glanz & Killian Co., Detroit, Mich. 

Harrigan, Howarp H., Consolidated Ashcroft Hancock Co., De- 
troit, Mich. 

Ilarrincton, Exiiott, Engrg. Dep., General Electric Co., Sche- 
nectady, N. Y. 

Hitt, Cuartes E., Hoffman Specialty Co., Inc., Waterbury, 

Conn. 





LitLarp, WALTER S., Plbg. & Htg. Contractor, Peru, Ind. 

MANNEN, Henry C., Jr., Walworth Co., Detroit, Mich. 

Micuir, D. Fraser, Crane, Ltd., Winnipeg, Manitoba, Canada. 

Morritt, Roy M., Branch Manager, L. J. Mueller Furnace Co., 
Milwaukee, Wis. 

Monroe, RaymMonp R., Nash Engrg. Co., South Norwalk, Conn. 

RicHArpson, Henry Tuomas, Vice-Pres., Richardson & Boyn- 
ton Co., New York, N. Y. 

TuRLAND, CHARLES Henry, Asst. Mgr. & Vice-Pres., Acme Fan 
& Blower Co., Ltd., Winnipeg, Manitoba, Canada. 

Winouist, Water J., Clark, MacMullen & Riley, New York, 
i Y. 

Winouist, Witt1AmM M., Sales Engr., Silent Automatic Sales 
Corp., New York, N. Y. 

MUuELLER, HARALD CuHar-es, Sales Engr., The Powers Regulator 
Co., Chicago, IIl. 

Price, Lewis Carrt, L. 
Mass. 

SzomBaTHY, Louis R., Pres., Ferguson Sheet Metal Wks., Inc., 
Ferguson, Mo. 


C. Price & Co., 136 Federal St., Boston, 


JUNIORS 

Aspsury, NorMAN B. G., Sales Engr., York Heating & Ventilat- 
ing Corp., Philadelphia, Pa. 

BARNARD, Mitton E., Sales Engr., York Heating & Ventilating 
Corp., Philadelphia, Pa. 

EastMAN, Cart B., Dist. Mgr., C. A. Dunham Co., Philadelphia, 
Pa. 

HarRIGAN, Epwarp R., Harrigan & Reid Co., Detroit, Mich. 

KeitH, Lewis Haypen, Sales Engr., York Heating & Ventilating 
Corp., Philadelphia, Pa. 

Snyper, ALLEN K., Carrier Engrg. Corp., Newark, N. J. 

TAyLor, KenNeTH A., York Heating & Ventilating Corp., Phila- 
delphia, Pa. 

Wacus, Louis J., Carrier Engrg. Corp., Newark, N. J. 
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EDITORIALS 





Giving Thought to Piping 

It pays to have the various piping systems in the big 
industrial plants designed, installed and maintained ac- 
cording to best engineering principles. Because of its 
direct relation to fuel and pumping costs as well as to 
heating, power and process efficiency, piping deserves 
rank as one of the important phases of plant operation 
and maintenance. It pays, as we say, therefore, to have 
it right. 

HEATING, PIPING AND AIR CONDITIONING 
piping one of its major editorial features because in- 
vestigation developed the fact that it was a leading 
engineering problem for one or more men in the larger 
industrial plants and it was not being given first atten- 
tion in the technical press. So, on the basis that in- 
dustrial piping should be right, that to have it right 
required engineering knowledge and study, one reason 
that this magazine is published is to give piping the 
voice and attention it deserves. 

We recall two interesting experiences in the course of 
investigating the importance of piping in the minds of 
operating engineers in various plants throughout indus- 
try. These engineers were practically unanimous in 
their statements that piping was a major part of plant 
operation and maintenance, but there were the few who 
felt that a pipe line was just a proposition of con- 
necting the requisite number of lengths of pipe and that 
were not so essential 
and the right tools. 


made 


engineering knowledge and study 
in doing that as a strong back 
The experiences to which we refer were such exceptions. 

One was the manager of a good-sized pulp and paper 
mill (no one had an engineering title there). This 
manager politely ridiculed the idea that his steam lines, 
acid lines, etc., represented a problem of engineering de- 
sign, saying that when it was necessary to change a line, 
run a new one or extend an old one, he had a couple of 
handymen who managed to get it from point to point. 
In contrast, he explained how competitive pulp and 
paper mills maintained engineering departments and, 
before doing the same kind of job, would indulge in a 
lot of figuring, drawing, and what not. Then, he 
hesitated, looked a bit thoughtful and said, “You know, 
we never gave much of any thought to piping around 
here. Maybe we should give more.” 

They should indeed, experience would indicate. The 
proposition of running a pipe line from one point to 
another involves a nice balance of original cost and 
operating and maintenance expense. 


The other was the supervising engineer of an eastern 
textile mill. He had difficulty in getting serious about 
what piping meant to his plant because for a year or 
more business in his company’s end of the textile in- 
dustry had been pretty bad, and his instructions were 
to cut operating expenses to a minimum and to plan no 
new changes or extensions. Therefore, as he said, they 
were getting along as well as possible with existing 
equipment, some of which was obsolete, some of which 
was in need of major repairs, etc. But then he, too. 
rallied us back to our championship of right piping by 
remarking, “It takes more engineering to economize 
than it does to go ahead on a liberal budget.” 

Which is also right, and to the point, we say. Econ- 
omy demands correct piping design, installation and 
maintenance whether money be plentiful or scarce. 


Quite a While? 


The New Yorker, commenting on the method pro- 
posed by Dr. Frazer of Johns Hopkins for eliminating 
carbon monoxide from exhaust gases discharged by 
automobiles, winds up with a statement to the effect 
that although we know CO to be injurious, and in large 
quantities, deadly, “we expect to be breathing monoxide 
for quite a while yet, . . .” 

Mankind tolerates numerous conditions, detrimental 
to health and comfort, if not hazardous to life—condi- 
tions which can be corrected by the installation of 
proper air conditioning equipment. Summer-time finds 
us in an atmosphere which is often depressing, hot, and 
acts to reduce efficiency. In winter, we put up with 
a dangerously-dry condition, conducive to colds and 
other illness. Workers in many industrial plants are 
exposed to large quantities of dust, extremely danger- 
ous to human life, as pointed out in an editorial in the 
January number of this publication. 

Engineers, owners of office buildings, men in control 
of industrial plants, all know the advantages to be 
gained by proper conditioning of the air—advantages 
not only to human welfare, but to property values, to 
plant and office efficiency, to profits. Air conditioning 
has made rapid strides within the past few years. But, 
when one balances the advantages, the health and com- 
fort and efficiency, resulting from the maintenance of 
proper temperature, humidities, and air motion, one 
wonders why every plant, every office building, every 
hotel and every structure is not properly air conditioned. 
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City Noise 

Considerable comment has appeared lately, in the 
daily and engineering press, relative to the action of 
the president of a New York concern in writing letters 
of apology to tenants in buildings adjacent to his com- 
pany’s headquarters, which were in the process of con- 
struction, regretting the inconvenience and noise caused 
them, and requesting their forbearance for a few more 
weeks. If every concern causing noise, necessary, per- 
haps, but none the less irritating, were to send out such 
apologies, the letters themselves would soon become as 
much of a nuisance as the sound-waves. 

Thomas Alva Edison, deaf himself, predicts that evo- 
lution will cause man to lose his hearing in the not- 
distant future, because of the volume of noise to which 
we are constantly subjected. 

Much can be done to reduce noise, which appears to 
be inevitable to city life, by insulation for sound isola- 
tion, both at the “sending” and “receiving” ends. Many 
engineers predict the window-less skyscraper (properly 
air conditioned) as a solution of the problem. The 
development of machinery imposes a responsibility on 
society; we must keep ahead of our inventions. To 
maintain our health, we must reduce city noise. 


Trade Literature 


There is such a great quantity of trade literature 
published by manufacturers of heating, piping and air 
conditioning equipment today that many engineers in 
these fields are prone to neglect reading the catalogs, 
booklets, pamphlets and circulars that come to their 
attention each day. It is a problem to know what part 
of this material to file, and what part to discard. Many 
solve the problem by discarding everything ; others use 
their files as sort of “glorified” waste-baskets. 

Much valuable information is contained in these 
trade publications ; information which business men and 
engineers cannot afford to neglect. We know of one 
very successful man in the confectionery industry ; one 
of his outstanding characteristics was his habit of look- 
ing at every page of every piece of trade literature. He 
did not read every word necessarily, but he had ob- 
tained the ability of picking out the important points on 
any printed page and remembering them. 

He died leaving a large fortune; we think much of 
his success was due to his intimate knowledge of the 
products advertised, and the information contained, in 
the trade literature. 


Balancing Costs 


Recent experiments at the University of Illinois 
Engineering Experiment Station on the re-alignment 
and removal of obstructions from underground air pas- 
Sageways for ventilating show that considerable econ- 
omies can be effected by providing such air tunnels 
with smooth sides and making them as free of ob- 
structions as possible. The power consumption was de- 
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creased enough to give substantial returns on the cost 
of improving several test sections. 

If industry is to save on first cost, it must expect 
to pay proportionally higher operating charges. Often 
the extra operating cost is in excess of what it should 
be; when this is the case, it is time to increase first cost 
in order to reduce the excessive operating charges. 

This situation applies directly to almost any installa- 
tion of air conditioning, heating, or piping equipment. 
It is a factor that must be given careful consideration 
by all engineers. 


New Blood 


In another month or two the annual pilgrimage 
of representatives of industrial concerns to the en- 
gineering and technical schools of the country will 
begin. Seniors in all curricula will be interviewed for 
this or that position with this or that company. 

The concerns who regularly send interviewers to 
our technical institutions range from the small firm to 
the large corporation with its many subsidiaries and its 
staff of personnel men devoting all its time to selection 
of new men. One characteristic, however, distinguishes 
them all. 

It is always the progressive and the well-established 
concern that sends men out to pick college graduates 
for employment, and this has raised a question in our 
mind. Is this practice of carefully picking new blood 
each year one of the contributing factors to such pro- 
gressiveness, or is the well-established firm the only 
type that can afford to train new men? We hold to 
the former view-point, we believe. 

One large corporation knows from its records that 
less than a third of the men it trains will remain with 
it; yet the company figures it is a profitable scheme. 
The men who leave after their training course is 
finished, or within a few years, are not lost to the in- 
dustry. And the prosperity of any concern depends 
on the prosperity of the industry to which it belongs. 


An Ill Wind 


Following news of the recent fire in the executive 
offices of the. White House comes the announcement 
that President Hoover’s business offices are to be com- 
pletely air conditioned. The blaze was not, of course, 
the reason for the installation. When the decision to 
provide conditioned air for the White House was first 
made, it was planned to install the ductwork piece- 
meal, taking advantage of any absences of the Presi- 
dent from Washington. 

Such procedure would have delayed the installation 
for some time, no doubt, and it is probable the Presi- 
dent would have been put to considerable annoyance 
during the time of installation. 

The fire, and the re-building made necessary, gives 
the engineers a chance to provide for the air distribu- 
tion apparatus. Apparently, the old saying “It’s an ill 
wind that blows no one good” still applies. 














INTERVIEWS OF INTEREST 








The Engineer and the Physiologist 


Dr. William H. Howell, head of the department of 
physiological hygiene of the School of Hygiene and 
Public Health, Johns Hopkins University, Baltimore, 
Md., discussed with some detail the more recent re- 
search relationships between physiological and engi- 
neering groups. 


Earlier research preoccupations served to isolate the 








care of specifically. General hygiene is much more un- 
certain. “What of the industries in which chronic respi- 
ratory disease prevails in high degree, but acute colds 
are seldom seen? Or what of highly common colds 
where air seems pure? Dusty trade can almost be han- 
dled by formula, but organic dusts present a different 
case. Professor W. Storm Van Leeuwen, of the Uni- 
versity of Leiden, thinks to remove atmospheric allergens 
that are responsible for asthmas by means of special 
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to the air environ- 

ment, states Dr. Howell. The public listens, and now- 
adays, even the strict laboratory type of medical in- 
vestigator is expected to issue rapid and ready statements 
on what is an optimal air condition and what “system” 
may be expected to attain it. 

The engineer finds himself in a similar quandary, for 
the same situation thrusts him into the role of a quasi- 
physiologist, hard pressed to present health equivalents 
for any type of air environment that may be under dis- 
cussion. 


“As yet, not one knows enough about the health cor- 
relations of ordinary room atmospheres to state with 
certainty that a given condition is in the-long rum in a 
given way injurious to health,” stated Dr. Howell. He 
asserted that it is especially inadvisable to emphasize 
humidification, ozonation, freezing, filtering, baking, 
chemical sterilization, or de-odorization processes as 
single-solution panaceas for all the more common ventila- 
tion errors. We need time, first, for physiologists to 
work out these matters in the laboratory. The physiolog- 
ist often has to rescind certain statements as new facts 
come in, and “fad” apparatus founded on quick gen- 
eralization fares worse than this. 

He went on to say that the situation with respect to 
industrial hygiene is much less uncertain. Here we have 
abrasive industries where forced exhaust of foreign 
particles is all the air hygiene the situation calls for. In 
chemical trades the toxic fume is known and can be taken 


those — standards 
and rules of living which conduce toward normal func- 
tion, must include all those more or less artificial con- 
ditions imposed upon us by our communal life, and the 
crowding together of individuals in industrial and social 
occupations of various kinds. The problems of human 
adaptation these things involve constitute the specific 
field of investigation covered by Dr. Howell’s depart- 
ment. 


Physiological Hygiene Department at Johns Hopkins 


This department occupies the entire seventh floor of 
the School of Hygiene and Public Health. Ventilation 
of the building as a whole has received special treatment 
for the purposes it serves. Air supply with exhaust for 
auditorium is a separate system. Chemical hoods for 
laboratory desks are connected with individual fans that 
exhaust through the roof. Other exhaust fans 
smaller lecture rooms and student laboratories. Service 
rooms constitute another unit. Animal rooms are 1s0- 
lated from other sections of the building by means of 
an air lock, and draft vent flues are separate for animal 
rooms. 


serve 


Specific studies in climatological effects are capable 
of being set up for group observation in a general lecture 
room shown on the north end of the floor plan, accommo- 
dating seventy-five students. The air conditioning ap- 
paratus located in the adjoining room can provide in this 
room, and in a smaller experimental air conditioning 
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room across the hall, a wide range of combinations of 
temperature, humidity and air movement. 

The smaller room has been the center of the work on 
acclimatization which has been done in Dr. Howell’s de- 
partment. The air in this room is filtered, washed, 
cooled, humidified, heated, or made arid as set problems 
under investigation may require. The conditions set are 
capable of being maintained indefinitely without change. 
Regulation is precise, and continuous automatic records 
give the necessary check upon routine readings. 


Bodily Discomfort Basis of Bad Health 


“In the absence of any absolute criteria of air condi- 
tions for health,” states Dr. Howell, “we can only sur- 
mise that, in the long run, bodily discomfort does 
become the basis of bad health. We first discover the 
comfort zone for the individuals to be studied, and we 
measure any fluctuations in efficiency that run parallel 
with variations in given directions of the atmospheric 
conditions created. Reaction time, muscle power, en- 
durance tests, the power to sleep, quickness and validity 
of judgment, mental clearness, interest, precision, sense 
acuity—these are some of the criteria we employ. 

“We believe that significant correlations can be found 
between skin temperatures and comfort, or the ability 
of the body to adapt itself efficiently to a given air en- 
vironment. This year our work relates to working out 
these relationships. One result that does come out clearly 
from our work as well as the work of all observers is 
that the power to do muscular work falls off at high 
temperatures and humidity, owing to the development 
of fatigue. | 

“A single problem usually occupies a year. It takes 
a year to answer the type of physiological questions 
asked. Each problem solved suggests the next line of 
inquiry. One piece of work of unusual interest strongly 
suggests that there may be a toxic principle in expired 
air. Some authorities deny this, and much more work 
is called for; but, unfortunately, the controlling genius 
of this particular piece of investigation has greater in- 
terest in something else, and our work in that direction 
has been pursued no further, 


The Common Cold 


“No one knows much that is definite about the com- 
mon cold. This matter is the subject of co-operative in- 
vestigation going on at the present time. The study-is 
planned for a period of five years and proceeds as a five- 
way inquiry: epidemiological, statistical, physiological, 
experimental, clinical. This work, with Dr. James A. 
Duoll in immediate charge, has been under way for one 
and one-half years. We hope it will yield positive re- 
sults. The study is supported by the Chemical Foun- 
dation,” 

Two Barriers to Research 


Dr. Howell thinks that two barriers, for the moment 
seemingly insuperable, obstruct any very extensive com- 
mon ground of action on ventilation matters between 
physiologist and engineer. The physiologist has too 
much grubbing research to accomplish for him to in- 
dulge in any speculative effort; and the engineer has to 
combat too many operative problems, human and me- 
chanical, quite apart from the scientific possibilities of 
his system, for him to make any very extended excur- 
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sion into fields foreign to the mechanics of his pro- 
fession. 





Hospital Engineering Problems 

“We are facing an amazing development in the hos- 
pital field,” Alfred Kellogg, consulting engineer of 
Boston, declares. “The economic advance of this partic- 
ular field is difficult to account for. 

“Hospital engineering on these enterprises represents 
a highly varied service. It covers power, lighting, re- 
frigeration, sanitation, or heating and ventilation ; or per- 
haps all of these services. 

“The engineering consultant who serves the hospital 
field in a very specific manner has to concentrate upon 
internal hospital service needs. Two medical clients may 
speak in almost interchangeable terms about their desire 
for constant control rooms, but one may have in mind a 
precision laboratory for experimental work, and the other 
may contemplate absolute control of atmospheric en- 
vironment for premature birth wards on the basis that 
obtains in children’s hospitals in many leading medical 
centers at the present time. The one may require wide 
ranges of temperature and humidity relationships under 
continuous record and control; while the other may 
contemplate average temperatures with more or less 
fluctuation of temperature and place his emphasis upon 
rapid and complete air change within his hospital wards. 

“The hospital for contagious diseases rarely has any 
type of formal ventilation, but modern research work 
on resistance to disease points to very definite correla- 
tions with air environments and*suggests manifold new 
engineering requirements in the future. 

“Regardless of any definite specification on the part of 
hospital clients themselves, the engineer sees to it that 
intercommunication of ducts is kept down to the min- 
imum. Some physicians like special provision for high 
air velocities through contagious disease hospital wards, 
but mostly both qualitative and quantitative matters per- 
taining to hospital ventilation become the prerogative of 
the consulting engineer. 

“Usually, hospital ventilation does not mean constant 
change of all the air at given rates per hour. It may 
mean anything, from open porticos for patients to com- 
pression chambers for administration of double oxygen 
supply. 

“Ventilation of service departments may be considered 
for esthetic reasons, for safety, or an efficiency staff may 
stipulate sanitary engineering of all types on the basis 
of maximum output of utility work. 

“The zoning principle for heating prevails in many 
hospitals. Employed at first for purely economic rea- 
sons, zoning practice is now advocated by many for 
health. 

“Work on the electrical side runs into many elabora- 
tions within the hospital. Signal systems are highly 
complex ; shadowless light; Alpine lamp rooms; draft- 
less outdoor conditions with humidity control to be main- 
tained in operating rooms; refrigeration for pathological 
rooms ; refrigeration also for organic laboratories ; X-ray 
connections and protective devices, and a constant sup- 
ply of artificial light where and when needed: all of 
these and more require thoughtful care in modern hos- 
pital engineering.” —S. P. M. 
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Repairing an Air Line 
A Heater for Fuel Oil Piping 
Hot Water Circulation 
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Emergency Repairs to Compressed Air 
Line 

The accompanying sketch shows repairs to a pipe 
line, under conditions different from the ordinary 
methods. 

In this case, a six-inch pipe line used for transmit- 
ting compressed air was installed a foot below the 
surface of the ground and under several railroad 
tracks. Due to the heavy loaded cars passing over 
a joint in this line, the pipe was broken at one end 
of the coupling, It was essential that repairs be 
made, in the least possible time, as keeping the pipe 
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line out of service meant delay for a number of 
workmen. 

The ground was frozen and this, with the railroad 
tracks on top of the pipe, meant considerable delay 
to dig up a full length of pipe and replace it with 
threaded and flanged joint. 

The method used for repairs was as follows: The 
pipe on the side of the coupling, where the break 
occurred, was cut two feet from the coupling with an 
acetylene torch, the old coupling was removed and 
a new one with a piece of pipe threaded on one end 
and screwed in, was made up. This was connected 
to the end of the pipe in the ground from which the 
old coupling was removed. The length of this 
short piece of new pipe with a thread on one 
end was a little shorter than the distance to 





This is a quick method of repairing a pipe line in 
an emergency as the maintenance department of an 
industrial plant usually has a cast iron sleeve on 
hand together with acetylene cutting torches. 

The pipe line mentioned was for the purpose of 
supplying compressed air at 100 pounds working 
pressure, and after these repairs were made, timbers 
were placed on each side of the pipe to support the 
railroad track and prevent the pipe breaking in a 
similar way in the future. 


Oil Heater Made by Welding 


A serviceable heater for fuel oil pipe lines can be 
easily made and used to an advantage, in many industrial 
plants, where steam is available for heating. 

This heater is not intended to be used for the main 
fuel oil heater, but rather to act as a booster on long 
transmission lines, or in places where the oil supply or 
circulation lines pass through cold areas. 

This heater consists of a length of pipe slipped over 
a section of the oil pipe line, each end welded to the 
line and the necessary nipples welded in the outer pipe 
for the steam supply and return connections. For an 
example, in case the size of the oil line is 1%-in. pipe, 
the outer pipe could be 2-in. 

A length of pipe twenty feet long can be used, without 
fear of expansion troubles, when steam is available at 
the ordinary working pressures. It would not be advis- 
able to have any pipe joints on the oil line inside of this 
heater pipe. 

The discharge from a steam trap can be used to supply 
heat for this purpose in many cases. 

When the heater is used in connection with the heating 
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the point where the pipe line was cut with the 
torch, to allow for making up the coupling on 
the threaded pipe. 

Before this screwed joint was assembled, a six- 
inch cast iron water pipe sleeve was slipped over the 
pipe that was cut with the torch. When the coupling 
and short piece were screwed up tight, the sleeve 
was pulled back in position over the space between 
the two pipe ends and this sleeve was well yarned 
and caulked with lead similar to the way cast iron, 
bell and spigot, water pipe is installed. 

The air pressure was then turned on and the pipe 
line put in service in much less time than if a full 
length had been used to replace the broken one. 

As an added precaution, to prevent the lead caulked 
joint from blowing out, a wrought pipe clamp of the 
split pattern was securely bolted in place as shown. 
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system for the building, it has the advantage that when 
steam is required for heating the building, the oil may 
need heating. Also, when the weather conditions do not 
require heat for the oil, the heating system for the build 
ing will in all probability be shut down. 

A few heaters located at the places where the oil lines 
are affected by the cold weather will aid materially in 
keeping fuel oil ready for the furnace oil burners. 


Installing Branch Connection to 
Steam Main 
Alterations to piping, in many cases, require that 
branch connections from main supply pipe lines must be 
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Metuop oF INSTALLING A BRANCH CONNECTION ON A STEAM 
MAIN 


installed with a minimum amount of time allowed for 
the supply main to be shut down. 

The alterations and additions to the piping may require 
the work to be done in close quarters, where a definite 
and solid starting point is a decided advantage. 

When branch lines two inches and larger are to be 
connected to an existing steam line, supplying steam at 
the ordinary pressures and in use, the following method 
may prove useful. 

Weld a short nipple, with a companion flange on the 
end, to the steam main, without shutting off the steam 
pressure. Install a flanged valve or fitting at this point, 
if desired. If a valve or fitting is not needed at this 
point, a short section of flanged pipe or filling piece can 
be used. Complete the installation of the new piping re- 
quired. This method will give a definite starting point, 
securely located in the right position. 

When conditions are favorable for a shut down, shut 
off the steam from the main line, remove the flanged 
valve, fitting or filling piece, cut out for the opening in 
the main with a cutting torch. To prevent pieces of cut 
piping from falling into the interior of the main pipe, 
first weld a wire on the portion of the pipe to be cut out, 
for the purpose of withdrawing it from the opening and 
use a magnetized bar of steel to remove the cuttings. 

Replace the flanged valve, fitting or filling piece, turn 
on the steam, and the branch line, as well as the rest of 
the piping, is ready for use. 





Superheated Hot Water Circulation 


Engineers in Russia have developed a scheme in hot 
water heating by forced circulation which has consider- 
able to recommend it for group installations where 
the buildings are of reasonable height. The writer has 
never seen or heard of similar installations being made 
in this country and the idea, therefore, should prove 
of general interest. There is no doubt that, if the scheme 
works out as well as they claim it does, pipe areas and 
power for the circulation pump are both greatly reduced 
and it is unfortunate that it was not possible to see these 
systems under actual operating conditions of -40 F. which 
is the temperature for which they are designed. Anyway, 
here’s the story. 

When there are several large buildings of, say, five or 
six stories in height all to be heated from a central heat- 
ing plant such as is illustrated in Fig. 1, the customary 
practice in America would be to install either a steam or 
forced hot water plant at the point selected and to run 
mains around to the various structures to be heated. 
In the case of forced hot water the returns would be 





Fic. 1—Typicat Pitot Pian or System Suppryinc Srx 


BuILpiIncs BY Forcep CrircuLATION oF Hor WATER 


carried back to the heating plant in the proper sized re- 
turn mains and in the case of steam the condensation 
would either be carried back to the heating plant or 
wasted in order to economize on the installation cost. 


The Way It Is Done in Russia 

The scarcity of pipe in Russia and the desirability 
of economizing in every particular, which policy is now 
in full force there, makes the Russian engineer look twice 
before he commits himself and then he comes along with 
a scheme which sounds impractical on the face of it. 
For he suggests circulating water at 220 to 230 F from 
the boiler plant to the point where each building is sup- 
plied off the main. But he does not let this high tem- 
perature water up into the building mains because if he 
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Fic. 2—Detait oF INJECTOR CONNECTIONS IN BASEMENT OF 
Eacu BUvuILpING 


does, of course, the water in the building risers, when it 
gets near the top and the head is relieved, will start to 
boil. 

To avoid this difficulty he makes a connection to the 
building supply line through injector fittings and uses 
part of his building return water to feed the injector 
suction and get a volume of mixed water beyond his in- 
jector which water is below the boiling point and is thus 
perfectly safe to use in the lines in the building. 

As generally carried out this connection is arranged 
somewhat as shown in Fig. 2. Here the superheated 
hot water line comes in at A and is 4 in. in size; this is 
then split into three 1%4-in. branches which are carried 
up and turned horizontally into the injector fittings C 
through gate valves B. Beyond the injectors the lines are 
increased to 3-in. size and are run over and connected 
into the vertical 6-in. riser D which supplies the building. 
The injector suction pipes F_are also made 1'%4-in. and 
are connected into the 6-in. return from the building 





marked F; after the injector suction branches are taken 
off of the main building return this return is reduced 
down to 4-in. size and is connected into the general return 
line G running back to the boiler plant. 

If it is assumed that in an ordinary system the out- 
going water is about 200 F, and the return water about 
180 F, then the temperature drop is 20 F, and a suffi- 
cient quantity of water must be circulated to give up the 
B.tu required with this amount of temperature drop in 
the water. However if the injector scheme is used and 
the temperature of the supply water is raised to 220 
F, then a temperature drop of 40 F is available and the 
quantity of water required will be just half as much as 
in the first case in order to emit the same amount of 
heat. Of course there is no reduction in the fuel bill or 
in the boiler capacity as the lesser quantity of water at 
the higher temperature is equal to the greater amount 
of water at the lower temperature so far as B.tu re- 
quired for heating is concerned. On the pumping end 
and in the matter of pipe sizes on the main, however, 
distinct savings are attained.—H. L. A. 





Conventions and Expositions 

Engineering Institute of Canada: Annual meeting, 
Feb. 12-14, Ottawa, Ont. Secretary, R. J. Durley, 2050 
Mansfield st., Montreal, Quebec. 

National Industrial Exposition: Mar. 3-7, Hotel 
Stevens, Chicago. 

International Railway Fuel Association: Annual meet- 
ing, May 6-9, Chicago. Secretary, C. T. Winkless, Room 
700, LaSalle Street Station, Chicago. 

American Society of Mechanical Engineers: Fiftieth 
Anniversary, Apr. 5-9. New York, Hoboken and Wash- 
ington, D. C. Secretary, Calvin Rice, 33 W. 39th st., 
New York City. 

American Oil Burner Association: Annual convention, 
April 7-12, Hotel Stevens, Chicago. 

American Welding Society: Annual meeting, Apr. 22- 
25, New York City. Secretary, M. M. Kelly, 33 W. 39th 
st., New York City. 

World Power Conference: June 16-25, Berlin. Pro- 
gram Committee, Room 1818, 29 W. 39th st., New York 
City. 

Stoker Manufacturers” Association: Nov. 11-13. 
Greenbrier Hotel, White Sulphur Springs, West Vir- 
ginia. 





Recent Trade Literature 

Air Conditioning: American Moistening Company, 
260 West Exchange St., Providence, R. I.; descriptions 
of the air conditioning equipment and advantages of con- 
trolling temperature and humidity in textile mills 
throughout the country. 

Boiler Tube Cleaners: The William B. Pierce Com- 
pany, 45 N. Division St., Buffalo, N. Y.; folder on the 
advantages of using a boiler cleaner, showing the appli- 
cation of the device. 

Couplings: Parker Appliance Company, 10320 Berea 
Rd., Cleveland, O.; four-page circular describing fea- 
tures of this concern’s tube coupling. 

Grilles: Hendrick Manufacturing Company, Carbon- 
dale, Pa.; thirty-six well-illustrated pages giving the 
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physical characteristics of grilles, and showing several 
views of the application of grilles. 

Heating Equipment: Hoffman Specialty Company, 
Inc., Waterbury, Conn. ; 58-page catalog giving construc- 
tion details, capacities, etc., for venting valves, special- 
ties for use with vapor vacuum systems, vacuum and con- 
densation pumps, and unit heaters. Several pages of 
typical installation diagrams are also presented. 

Humidity Controls: The Bahnson Company, Winston- 
Salem, N. C.; eight-page booklet describing the opera 
tion, regulation, adjustment, installation and features of 
a control for maintaining a constant relative humidity. 

Humidity Controls: The Foxboro Company, Fox- 
boro, Mass.; circular on a control which also records the 
relative humidity. One style-also controls the tempera- 
ture; the other is for use where temperature is not a 
factor or is controlled separately. 

Motors: General Electric Company, Schenectady, 
N. Y.; 86-page book devoted to synchronous motors, the 
principles of their operation, power factor improvement, 
etc. The numerous photographs illustrate the use of 
these motors in industrial plants today; much space is 
devoted to synchronous motors to be used with air con- 
ditioning equipment. A circular containing a scale to 
solve power factor problems graphically has also been 
published by this company. 

Pipe Tongs: J. H. Williams & Co., Buffalo, N. Y.; 
circular giving capacities and weights of chain tongs for 
use with pipe and fittings. 

Pumps: Teesdale Mfg. Co., Grand Rapids, Mich.; 
circular describing automatic oil pumps. 

Pyrometers: Thwing Instrument Company, 3339 Lan- 
caster Ave., Philadelphia, Pa.; four-page folder on the 
electrical recording pyrometer made by this company. 
This instrument makes records which are visible while 
being made. 

Radiator Brackets: T. A. Ridder Co., Inc., 35 Dover 
St., Boston, Mass.; circular describing the features of 
this company’s radiator bracket. 

Reducing Valves: A. W. Cash Company, Third and 
Eldorado Sts., Decatur, IIl.; circular describing features 
of a pressure regulator and reducing valve. 

Temperature Control: Stat-Amatic Instrument and 
Appliance Co., Hartford, Conn.; 16-page booklet show- 
ing the applications of temperature controls to homes, 
schools, hospitals, and factories. Special attention is 
given to controls for gas-fired and oil-fired boilers and 
to controlling unit heaters. 

Welding: The Linde Air Products Company, 30 E. 
42nd St., New York City; 80-page booklet on oxy- 
acetylene welding in modern piping service. Titles of 
the eight chapters into which the book is divided are: 
development of the oxy-acetylene process, welded steel 
and wrought iron pipe joints, insuring successful results, 
overland lines, power and high-pressure steam piping, 
welded industrial and process piping, welded building 
and residence piping, and refrigeration piping. Numer- 
ous illustrations enhance the value of the text. ; 

Welders: General Electric Company, Schenectady, 
N. Y.; loose-leaf sheets giving distinctive features and 
specifications for two types of belt, motor, or gas-engine 
drive arc welders; two types of gas-engine driven weld- 
ers; and a belt or motor drive, stationary or portable, 
single-operator welder. 
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